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Abstract 
This thesis describes the synthesis of terthiophene derivatives which are of interest as 
building block for the preparation of conducting and light emitting polymers. 
Cyclisations of 1, 4-diketones to form the central thiophene ring using phosphorus 
pentasulfide at room temperature was found to be a successful method for their 
synthesis. Ring closure to form dithienyl 1, 3, 4- thiadiazoles was also studied. The 
electrochemical properties of some of the compounds were investigated, and the 
structure of one compound was confirmed by x-ray crystallography. 
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Introduction 
Thiophenes and oligothiophenes have been used to make conducting polymers and light 
emitting materials. 
Thiophene is a five - membered heterocycle with a sulfur atom. It undergoes 
electrophilic aromatic substitution very readily. Thiophene is very similar to benzene in 
reactivity. Thiophene is more reactive than benzene due to the sulfur lone pair. 
4 3 
502 S 
1 
Organic materials derived from thiophenes, pyrroles and other substituted aromatic ring 
systems form the basis of a new technology for producing electroluminescent displays. 
Often the electroluminescent device is constructed from one or two layers of polymer 
material. Of these layers one is usually derived from a pyrrole or thiophene-containing 
polymer. The other substituents N, S, 0, OR, Scheme 1 affect the colour and intensity of 
light emission from these devices which is strongly dependant on the properties of the 
polymer and consequently on the mono mer precursors. 
OR 
RO n 
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Scheme 1 
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One advantage the organic LED's have over the more traditional (and expensive) 
inorganic devices is that the characteristics of a device e.g. colour can be controlled by 
synthetic substitution and manipulation of the mono mer chemistry: thus one of the most 
exciting challenges in this research area is concerned with the organic chemistry of the 
polymer precursors. 
The preparation of poly acetylene (PA) in the early seventies and the discovery shortly 
thereafter that it could be oxidized or reduced to afford materials with electrical 
conductives was a significant breakthrough. 
Although P A remains today one of the more highly studied conducting polymers, its 
instability towards the atmosphere and inprocessibility have motivated research on the 
polymers based on the heteroaromatics pyrrole, thiophene, selenophene and furan. 
The presence of the heteroatom affords, in principle, one more degree of freedom in the 
design and control of the electronic properties of the polymers.3 
This project focuses on the synthetic chemistry of two important substituted mixed 
hetrocyc1e1 thiophene polymer precursors, Scheme 2 and Scheme 3. In particular, the 
mixed, trimeric species are novel because they offer the device characteristics associated 
with their functionally, but the steric influence of this functionality (R, Scheme 2) is 
minimised because only the central of the three ring systems bears these groups. This is 
an important consideration because in designing molecules for LED applications we must 
balance the benefits a functional group brings to the device, against the effect that group 
has on its surroundings and upon the structure of the polymer materials. Steric 
interactions of adjacent functional groups are almost always detrimental to the electronic 
properties to the material. 
5 
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Step A: 1) Lawesson's reagent, X=S (85%) 
2) Ammonium acetate, X=NH (52%) 
3) Hel, acetic anhydride, X=O (62%) 
Scheme 2 
The diketone in Scheme 2 can be alkylated and then ring closed to give thiophene, 
pyrrole or furan products. 
This is a challenging area of heterocyclic chemistry with plenty of scope to develop the 
polymer chemistry together with the fabrication and characterisation of Light Emitting 
Polymer devices. One of the problems associated with many polymer LED devices is 
control of both hole and electron transport the device. This is particularly true of early 
single layer devices where hole migration through the film leads to non-radioactive 
recombination of charge at the metal cathode. Such devices are consequently inefficient 
because the rate of radiative charge recombination is slow (especially when weighed for 
statistical factors such as exciton spin state etc). This problem has been addressed by the 
construction of bi-Iayer devices. Here the boundary between the hole-transport layer 
(HTL) and the electron - transport layer (ETL) acts as a barrier to charge migration 
resulting in the aggregation of excitons leading to increased probability of emissive 
decay. 
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Polythiophenes are finding application in an increasingly diverse range of research areas 
in particular; oligo and polythiophenes have recently been investigated as advanced 
electrode materials, for light harvesting and emitting devices and for electronic, 
optoelectronic and chemosensor devices. 
In order to produce a family of electronically tailored polythiophenes, the use of 
donor/acceptor styryl - substituted thiophenes monomers have been investigated. 
However, electropolymerization of such materials typically affords non-conductive 
polymers, although copolymerisation with other pyrroles or thiophenes gives electrically 
conducting polymers. This suggested that styryl-substituted terthiophenes might provide 
the solution to this approach. In addition, Higgins and Mirkin have found that a 
7 
substituted terthiophene forms an electroactive material whereas the analogous thiophene 
does not. 18 
Wittig chemistry provides a versatile approach to the styryl-substituted terthiophenes 
(Scheme 4).1 
CHO 
2 
R 
P 
• 
R 
~ 
1 
R 
9 
CHO 
P 
3 
P=Phosphonium salt or phosphonate 
Scheme 4 
To construct the terthiophene framework, the Suzuki coupling methodology was used. 
The advantages of the Suzuki reaction are that it is easily scaleable, the mild conditions 
used tolerate a large number of functional groups, and the by product from the reaction, 
boric acid, is non-toxic and easily removed. 
8 
R 
rn n ~S.J--B(OH)2 + BrZsP--Br 
where R=CHO 
or CH2PO(OEt)2 
R 
• 
Suzuki coupling 
Scheme 5 
The donor/acceptor substituted styryl terthiophenes (6) were easily prepared from the 
Wittig reaction of the terthiophene aldehyde (2) and the appropriate benzyl phosphonium 
salts in 60-80% yields. 
R 
R=NMe2, OMe, Ph, CN,N02 
6 
The synthesis of well-defined conjugated oligomers is very useful in order to gain more 
insight into the structural and electronic peculiarities of the corresponding polydisperse 
polymers. 
Particular attention has been paid to the oligothiophenes in the recent years. On account 
of their controllable and rigoriously defined structure, the physical properties can be 
followed and correlated with the chain and conjugation length. 
9 
The model character of a series of oligomers plays an important role nowadays; defined 
oligomers represent novel materials with properties, which, in some respects, surpass 
those of the corresponding polymers. Oligothiophenes have recently been used as active 
components in a11-organic field effect transistors, and light-modulating and light-emitting 
devices (LED). 
In order to tailor the electronic properties of oligothiophenes and to investigate structure-
property relationships mixed oligoheterocyc1es based on end-capped oligothiophenes 
were synthesised. 2 
7 
X=N,Y=CH,Z=S 
The synthesis of thiophene oligomer 7 was achieved by a Stille-type palladium-catalysed 
cross coupling reaction of the corresponding, 2, 5-dibrominated thiazole 12 with two 
equivalents of the stannylated capped bithiophene 11. Bithiophene 11 was obtained in 
97% yield by selective metalation of the capped bithiophene 9 with n-BuLi and reaction 
with chlorotrimethyl stannane (Scheme 6). 
10 
9 
1.BuUI 0-30 "C 
2. Me3SnCI 
Scheme 6 
Sn(CH3)3 + 
11 
X-V 
Br--Z)"--Br 
12(X=N. Y=CH. Z=S) 
(PPh3),PdCI, 
THF 
7(X=N. Y=CH. Z=S) 
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Oilgothiophenes continue to present interesting fundamental and applied research 
opportunities. Pappenfus and Raff have prepared several new terthiophenes with electron-
withdrawing groups on the terminal positions. The goal was to make crystalline 
compounds that would be both easily oxidised and reduced. Such compounds could then 
be tested as materials that could conduct both holes and electrons. Of interest here are the 
dinitro compound 3', 4' - dibutyl- 5,5" - dinitro-2, 2': 5',2"- terthiophene (1) and the 
dicyanoquinodimethane 3',4'- dibutyl -5,5"- bis (dicyano-methylene)- 5,5"- dihydro-
2,2': 5',2"- terthiophene (2) (Scheme 7).4 
O,N NO, NC 
Bu Bu NC 
(1 ) Bu Bu 
(2) 
Scheme 7 
11 
Cyclic voltammetry demonstrated that, 1 and 2 could be both oxidized and reduced. 
Spectroscopically characterized cation radicals, anion radicals, and dianions were formed. 
Compounds 1 and 2 could also be crystallized, and single-crystal x-ray diffraction 
showed that the molecules were arranged in cofaciallt-stacks instead of the herringbone 
stacks found for most other oligothiophenes. 
The role of conjugated polymers with the structural or functional capacity for 
coordinating to metals is diverse. The incorporation of the metal can be accomplished at 
the mono mer stage or post polymerisation and can influence the electronic properties of 
the uncomplexed polymer by perturbation of conductivity, structure and optical and 
electronic properties. 
Consequently, these materials have varied applications. For example, metal - free 
polymers can behave as selective and highly responsive sensors towards metal-containing 
analytes, whereas metallopolymers can be used in catalysis or as low bandgap materials. 
Electrogenerated metallopolymers have received particular attention over recent years, 
with pyrrole and thiophene derivatives as frequent monomers of choice. Recently 
conjugated polymers have been prepared electrochemically, in which [Ru (terpy) 2]' and 
[Ni (dithiolene) 2f units are present in the main chain of a polythiophene based material. 
Now the synthesis, electropolymerisation and characterisation of a new cross-linked 
polythiophene bearing nickel bis (dithiolene) units fused to the main chain was reported. 
The synthesis of the dithiolene monomer is shown in Scheme 8.' 
12 
(1) 
3M= Ni(II), R=Bu4N, n=2 
4M= Pd(II), R=Et4N, n=2 
5M= Au(III), R=PPN, n=1 
6M= Au (Ill), R=Bu4N, n=1 
(i) THF, NaOEt, reflux, 15 min 
(i) 
• 
(ii) metal salt (and R4NBr for 3 and 4) 
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The discovery of electrical conductivity in polyacetylene (1) after treatment with 
oxidizing agents (doping), in the late 1970s spurred the growth of the area of organic 
conducting polymers. 19 
This world-wide activity has led to tremendous progress not only in the synthesis of a 
variety of conducting polymers, but also to a better understanding of the structural 
requirements for the design of materials with optimum electronic properties. One such 
class of conducting polymers is polythiophene (2) which can be viewed as a sulfur-
bridged CIS polyacetylene. 
-0-s 
2 1 3 A=4 
13 
Polythiophene exhibits semiconducting properties upon oxidative doping. The oligomer 
sexithiophene 3 synthesized chemically is very insoluble, but it merits interest in that it 
has been shown to function as an organic transistor. Recently polythiophene has also 
been fabilicated into a high-performance plastic transistor. Polythiophene is also of 
interest in the area of photonics. It has been shown that it exhibits a relatively high third-
order optical susceptibility.2o 
One of the most investigated members of these alkoxysubtituted polythiophenes is the 
polymer derived from 3, 4-ethylenedioxythiophene (EDOT-4). The monomer 4 has been 
known since 1938, with subsequent reports of improvements in its synthesis. The most 
valuable property of poly4 is its antistatic function, discharging static electricity from 
photographic films and electronic components. 
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Lithiation of 4 followed by reaction with pinacol borate 18 gave the boronate 19 in 71 % 
yield. 
Coupling of the latter with aa 'dibromobithiophene (20) in the presence of Pd 0 catalyst 
gave the tetracycle 21 in 20% yield. 
Copper-catalyzed coupling of the 2-lithio derivative of 4 as described in the literature led 
to a product with a higher m.p. than previous reported. 
This was recharacterized and structure 22 was confirmed. The bistributyltin derivated 23 
was prepared and coupled with 2-bromothiophene and its 3-hexyl derivative to give two 
new tetramers 24 and 25, respectively (Scheme 10).6 
.0\ 
o 0 
o S 
1) BuLi 
2) CuCI2 
r\ r\ 
• 0 00 0 
t0d S S 
22 
Scheme 10 
r\ r\ 
1)BuLi 0 00 0 
2) Bu3snCI ~
Bu3Sn S S SnBu3 23 
R 
Pd(PPhal4 j 0-S Br 
/\ /\ 
RO 00 0 
24 R= H 
25 R= C6H13 
The preparation and properties of several new vinylene ketones and oligomers derived 
from 3, 4- ethylenedioxythiophene (4) which are of potential use in the fabrication of 
polymers with interesting solid-state properties have been described. 
IS 
The presence of the ethylenedioxy group in the 3, 4- position confers considerable 
solubility to these molecules which can be further enhanced by the presence of the alkyl 
side chains on the thiophene moieties. 
Since the Nobel prize-winning discovery by Heegar, MacDiarmid, and Shirakawa 
that polyacetylene is conducting; conjugated polymers have been intensely studied. 23 
While the initial interest was in the intriguing structure and the electronic properties of 
these materials. Among the conjugated materials of functionality can be readily built on 
to the parent thiophene, bithiophene or terthiophene monomers. 
Oligo and polythiophene have been investigated as advanced electrode materials, as 
suitable materials for electronic, optoelectronic, and chemosensor devices, and for 
photovoltaics. 21, 22 
Since the formation of the aryl alkenic linkage to the terthiophene structure should be 
readily accessible by Wittig chemistry using a variety of aryl-substituted glides that have 
been reported in the literature, the key building block for the synthesis is 3' 
formyIterthiophene (10) (Scheme 11). 
The chemistry of assembling terthiophene structures using metal-catalyzed aryl-coupling 
reactions is well documented, and so it was envisioned that the terthiophene backbone 
with the necessary functionality at the 3' -position could be efficiently constructed by 
Kumada coupling (Scheme 11).7 
16 
+ 
R 
x-dx 
S 
Metal-mediated 
coupling 
• 
R= acetal or CHO 
R 
CHO 
Wittig reaction 
• 
(10) 
Scheme 11 (8) 
With the necessary precursors available to construct the terthiophene system, small scale 
(LOg) Kumada coupling reactions were investigated. Treatment of an ethereal solution of 
2-bromothiophene with magnesium metal gave 2-bromomagnesiothiophene (13) with 
minimal formation of the Wurtz by product, 2, 2'-bithiophene. Heating the Grignard 
reagent (13) with dibromo acetal (17) and NiCh (dppp) catalyst afforded a complex 
which, when subjected to radial chromatography, resulted in the isolation of the 
terthiophene acetal (18) in good yield (71%), as well as a small amount of 2,2'-
bithophene and unreacted acetal (17) (Scheme 12). 7 
• 
x 
o 0 
H 
0-- + S MgBr 
(13) 
o:f A o 'I ~ Br S Br Ether 
(18) 
1 
CHO 
(10) 
Scheme 12 
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The thiophene and pyrrole moieties play important roles in natural products, non-linear 
optics, and supramolecular chemistry and therefore there is significant importance in 
developing new methods of synthesising these systems. A common approach to the 
synthesis ofthiophenes and pyrroles group involves the participation ofa I, 4-dicarbonyl 
compound which is reacted with a source of suI fur, usually from phosphorus sulfides 
such as Lawesson's reagent or bis (trimethylsilyl) sulfide or a source ofNH3 in the case 
of pyrroles. 
3, 5-Dihydro-l, 2-dioxines 2 can be readily converted into I, 4-dicarbonyl compounds 3 
by treatment with an amine base via a Kornblum-de la Mare rearrangement. In turn, 3, 5-
dihydro-I, 2-dioxines 2 can be synthesised from readily available dienes I via oxidation 
in the presence of a photosensitser and O2. 
The synthesis of thiophene 4 and pyrrole 5 derivates from 3, 5-dihydrol, 2-dioxines 2, 
was reported first. 
The reaction involved an initial Kornblum-de la Mare rearrangement of the 3,5-dihydro-
1,2-dioxine 2 followed by condensation of the 1,4-dicarbonyl compound 3 in situ with 
sulfur, ammonia or a primary amine (Scheme 13).8 
x X n 
t ~~ Kornblum de la 
X 
photo- G~ X s y Mare • ---- 4 oxidation rearrangement y 
1 2 Y 
----- !CA 3 X N y 
I 
R 
5 
Scheme 13 
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The reaction of 1, 2-dioxines 2a-d with Lawesson's reagent, n-butylamine or ammonium 
carbonate was then investigated. For the synthesis ofthiophenes 4a-d dimethylformamide 
(DMF) was used as the solvent since the Kornblum-de la Mare rearrangement of the 1,2-
dioxines 2 to the isomeric 1, 4-diketones 3 would be facilitated in this solvent. The 
reaction of 1, 2-dioxines 2a-c with Lawesson' s reagent in DMF at 100°C resulted in good 
yields of the thiophenes 4a-c respectively (1,2 and 3). However, the reaction of2d with 
Lawesson's reagent gave a lower yield of 4d as compared to those for 4a-c, under similar 
conditions. This may be due to the instability of the thiophene 4d at elevated 
temperatures. 
R2 
2a-d 
2a, R'=R"=Ph 
Reagent 
2b, R'=Ph, R2=4 - Br - Ph 
2c, R'=Ph, R2=Me 
2d, R'=Ph, R2=H 
• 
3a, R'=R2=Ph 
3b, R'=Ph, R2=4 - Br-Ph 
4a, R'=R2=Ph ~ 
R' S R2 
4b, R'=Ph, R2=4 - Br - Ph 
4c, R'=Ph, R2=Me 
4d, R'=Ph, R2=H 
The strategy for the synthesis of2, 2':5'; 2"- terpyrrole (4) is outlined in scheme I. The 
key step involves the formation of a 1, 4- diketone from an appropriately substituted 2-
formylpyrrole. 24 Stetter has reported the preparation of symmetrical 1,4- diketones via the 
thiazolium salt catalyzed addition of heteroaromatic aldehydes to divinyl sulfone for both 
2- furyl and 2- thienyl aIdehydes.26 2- Formylpyrrole, however, is unreactive to the 
Stetter conditions. This non reactivity can be attributed to destabilization of the required 
~- hydroxy enamine intermediate by the electron rich 11: system of the pyrrole ring. The 
inability of 2- formylpyrrole to undergo the acyloin condensation provides evidence to 
support this reasoning. The attachment of an electron- withdrawing groups on the pyrrole 
ring has been shown to stabilize the reaction intermediate to the point where productive 
nucleophilic reactions can occur.9 
19 
Jones has recently reported that EWG substituted 2- formylpyrroles react with methyl 
vinyl ketone in thiazolium saIt cataIyzed Michael reactions.2s 
b 
fJ----/iJ-O N N N 
I I I 
EWG H EWG 
3a.46% 
3b.43% 
:I 
fJ----/iJ-O N N N 
I I I 
H H H 
75%from3a 
72%from3b 
~ N CHO 
I 
EWG 
N 
I 
EWG 
1a. EWG=PhS02 
1b. EWG=MeS02 
2a.70% 
2b.74% 
c 
~ N S N 
I I 
EWG EWG 
5a.65% 
5b.65% 
\d 
~ N S N 
I I 
H H 
93% from 5a 
86% from5b 
In contrast, 1- (phenylsulfonyl)-2-formylpyrrole (la) formed I, 4- diketone 2a. in 70% 
yield (Scheme 1). 
20 
2, 2':5', 2"- Terthiophene (n-T), the sulfur analog of 2, 2':5', 2"- terfuran (1) has been 
extensively studied because of its phototoxic activity. In the view of the toxicity and 
chemical reactions of the terthiophene, it was considered worthwhile to synthesize and 
study the chemistry of2, 2':5'2"- terfuran (1), which is not naturally occurring. 10 
Ishida and coworkers brominated 1 with N-bromosuccinimide and obtained 5, 5"-
dibromo -2, 2'; 5'2"- terfuran (9).28 
.~ 
000 
(1) 
N-Bromosuccinimide 
------....... ·~B 
CCI4 o 
(9) 
Br 
Scheme 14 depicts the synthesis of 2, 5 -bis [(3, 4 ethyl-enedioxy)thien-2-yl] -thiazole 
(1) (BEDOT-TZ) by a Negishi cross-coupling reaction with 3, 4-ethylenedioxythiophene 
and 2, 5-dibromthiazole in 35% yield. l1 
r\ 
o 0 
Id s 
1) n-BuLi'THF/-78°C 
2) ZnCI/rHF/O°C 
• 
3) /[~ IPd(PPh:J4 fTHF/OOC 
Br"S~Br 
Scheme 14 
Meerwein and Vossen have reported the acylation of benzene and other aromatic 
compounds with anhydrides using gaseous boron trifluoride as a condensing agent. 27 By 
saturating a solution of the anhydride and thiophene with gaseous boron trifluoride, these 
workers obtained a 40% of 2-benzoylthiophene. 12 
21 
Since their discovery in the late 1970s, interest in conducting polymers has been high due 
to their potential applications in areas as diverse as optical and electronic devices, 
material separation and purification, and in particular, chemical and biochemical sensing. 
A successful electrochemical sensor must be capable of selectively recognising the 
desired analyte and producing a measurable signal. 
Combining the well known ionic recognition ability of crown ethers with the electrical 
properties of conducting polymers has the potential to satisfy both these requirements, 
and could result in the fabrication of a range of alkali metal ion sensors. 
Past work utilizing ether chains attached to thiophene has lacked selectivity, while linking 
crown ethers to the polymer backbone via a long alkyl or alkoxy spacer by joining the 
crown ether directly to the polymer backbone, but steric effects may inhibit 
polymerisation. 
It has been shown that 3-styryl-sustituted thiophenes do not form conductive polymers, 
while their terthiophene analogues dO. 13 
The aim of the work reported in this paper was aimed at the determination of the 
macromolecular parameters of two polythiophene derivative (poly-3' -octyl-2, 2'-
terthiophene) and poly-(3-octyl-2, 2':5', 2"-terthiopene) (PTOTT) thin films with help of 
SAXS. 
Among the conducting polymers, polythiophene and its derivatives in recent years have 
been at the centre of considerable scientific interest due to their relatively high 
environmental stability and high conductivity. 
Preparation of these conducting polymers is possible in ultra thin form with angstrom-
level control of their multilayer structure. 
In these thin films, the polymeric layers are successively deposited on a substrate with 
surface dimensions typically of the order of some nanometers. 
Most of the physical properties like electrical conductivity It-lt absorption position, 
photoluminescence and quantum efficiency of these polymeric thin films depend on grain 
size of the particles, hence determination of particle size will play an important role in 
22 
Characterization of thin films. Analysis of SAXS data from thin films yields 
considerable infontfation about the macromolecular parameters like film thickness, 
particle size, molecular mass, specific surface area and surface fractal dimension. 14 
The synthesis of the new compounds is depicted in Scheme 15. 3,4-Dihydroxythiopene 
(4) prepared by the Hinsberg method was reacted with I-bromohexane in the presence of 
K2C03 to give 2, 5-dicarboethoxy-3, 4-dihexyloxythiopene (5) in 82% yield. 
Saponification of 5 with NaOH and acidification afforded 2, 5-dicarbroxy-3, 4-di-
hexyloxythiopene (6) in 78% yield. 3, 4-dihexyloxythiopene (7a) was then obtained in 
78% yield by decarboxylation of 6." Compounds 8a and 8b were obtained by a witting 
reaction of aldehyde 7b. 
HO OH 
~ Et02C s C02Et • 
Hexyl-O O-Hexyl 
~ Et02C s C02Et a 
4 5 
Hexyl-O O-Hexyl 
n 
X--'Zs')-..Y • 
c 
7aX=Y=H ~ d ,-I __ • 7bX=H. Y=CHO e 
7cX=Y=CHO 
6 
f 
7b .. 
Scheme 15 
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Hexyl-O O-Hexyl 
x 
Hexyl-O 
r- 8aX=H g~ 8bX=CHO 
x 
O-Hexyl 
Results and Discussion 
The aim of the experimental work was to explore synthetic routes to trimeric 
terthiophenes, thiadiazoles and a novel route to other terthiophene compounds via a 
Hinsberg method. 
The aim in this section was to investigate ring closure reactions of diketones to form 
terthiophene derivatives. 
We wished to study different sulfur reagents to find the best method of ring closure 
reactions. The use of the diketones would also allow the introduction of subtituents on the 
central thiophene ring. 
Ring Closure Reaction 
Interest in the current work has been devoted to more convenient synthetic strategies such 
as the construction of pure and mixed oligomers, containing thiophene by means of ring 
closure. 1, 4- Diketones are usually chosen to produce trimeric systems. 
2 3 R-<J;-R 
o 0 
1,4-diketone 
R-fJ-R 
S 
This strategic route is very advantageous since it is facile, economical and an elegant way 
to prepare oligomers. In addition to this it is possible to modify the central heterocyclic 
ring atom with various ring closure reagents. 
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Ring Closure Reactions ofUnfunctionalised Trimers 
The approach to these trimeric systems involve two discrete synthetically demanding 1, 4 
butadione precursors. 
R R 
R=H 
3a 
According to the method of A. Merz and F. Ellinge~9 thiophene 1 is converted by Friedel 
Crafts acylation with succinyl chloride and aluminium chloride into a diketone 2a. 
This more convenient method involves only one synthetic step and all materials are 
commercially available. 
In practice the diketones were prepared by reaction of thiophene la with succinyl 
chloride. The reaction was successful when AlC!) was used as a catalyst to give the 
diketone 2a in good yield. 
Likewise substituted thiophenes 1 b-d underwent these reactions and gave diketones 2b-d. 
The diketones were reacted with a range of sulfur reagents to give the ring closure 
reaction. 
25 
-0 + CI~CI AICI3 "R 
"0 0 R S o 0 
1 5 j' R 
a H 
b CH3 
C Cl 
d Br 
R 
3 
The reactions above were carried out successfully and the desired products were isolated. 
Preparation of 2, 2':5', 2" - Terthiophene using Lawesson's reagent (LR) 
It is interesting to note that the ring closure reaction of compound - to the trimer 2, 2':5', 
2" - terthiophene 3 can be carried out with different reagents. 
, 
S 
2 Me0--O-~=s 
Fig: 1 
LR= 2, 4-Bis-(4-methoxyphenyl)-I, 3-dithia-2, 4-diphosphetane-2, 4-disulfide (fig I). 
Several reagents are known for the construction of the central thiophene ring. Hydrogen 
sulfide, phosphorus pentasulfide and Lawesson's reagent (LR) fig 1 can be used. 
Compound 2a was treated with LR in DCM which gave the trimer 2, 2':5', 2" -
terthiophene 3a with a yield of 68 %. 
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R 
R 
3a 
68% 
o 0 
2a 
3a 
70% 
3a 
35% 
Treating diketone 2a with Lawesson's reagent in boiling toluene gave the 
terthiophene in good yield. The structure was confirmed by IH NMR spectroscopy. 
Compound 2a and Lawesson's reagent was suspended in toluene. The mixture was 
heated to reflux. The green mixture was separated, dried, filtered and evaporated. A 
pale green solid remained, which was re - crystallized from ethanol and hexane. 
However treatment of diketone 2 with phosphorus pentasulphide and NaHC03 in 
acetonitrile at r.t. gave terthiophene 3 in good yield 70%, which was better than the 
first method. This method has the great advantage that occurs under mild conditions 
without heating. The reaction was also extended for the synthesis of2,2': 5, 5"-
disubstituted terthiophene. The reaction was successful in the case of bromo and 
chloro substituted thiophene, but failed in the case of 2-methyl thiophene. 
The synthesis of terthiophene 3a was also carried out with hexamethyldisilathiane. 
Reaction with hexamethyldisilathiane in the presence of trimethylsilyl 
trifluoromethyl - sulfonate gave terthiophene 3a successfully but in poor yield. 
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Synthesis of 5. 5" Disubstituted Terthiophenes 
R-fJ 
s 
1 
R= Cl, H, Br, CH3 
R 
3 
To a suspension of AICh in dichloromethane a solution of2-R-thiophene and 
succinyl chloride in dichloromethane was added dropwise. The mixture was stirred at 
r.t. under an atmosphere of nitrogen. The mixture was hydrolysed with ice and 
concentrated HCI. 
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R 
The attempted reaction of Terthiophene with Succinyl Chloride 
The success of the reaction with diketone, prompted us to see if bithiophene and 
terthiophene would undergo similar acylation reactions to give diketones. 
+ 
3a 
o 
CI~CI 
o j Alel, 
s 
5 
These could then be ring closed to give quinque thiophene and the septa thiophene. 
However reaction with either bithiophene or terthiophene with succinyl chloride was 
unsuccessful. 
A mixture ofterthiophene 3, A1Cb and succinyl chloride in acetonitrile was stirred at 
r.t., an orange solid remained. No identifiable products were obtained. 
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The diketone 4 could not be obtained. The failure of this reaction could be due to 
polymer formation since the terminal thiophene ring would not be deactivated. 
The attempted reaction ofBithiophene with Succinyl Chloride 
If:J--I[) 
s S 
(i) 
o 
• /'0.... Jl AICI. 
+ CII( ~ Cl ----~-
o 
A mixture ofbithiophene (i), Ale!) and succinyl chloride in acetonitrile was stirred at 
r.t. which gave a green oily product. No identifiable products could be isolated from 
the oil. This might be due to acylation occurring at both ends of the bithiophene to 
form a polymer. 
Another aspect of the diketone chemistry was to investigate alkylation reactions. 
Alkylation should be favoured next to the carbonyl groups. The introduction of 
groups at this position would allow differently substituted terthiophene 7a-c to be 
formed after ring closure. 
Treating the diketone with NaH followed by treatment with methyl iodide gave a 
material, which may have contained 7a, but it could not be purified. 
Likewise reactions were tried with ethyl bromide and benzyl bromide. These also 
failed to give compounds 7b, 7c. 
In order to check if the anion was being formed the diketone was treated with sodium 
hydride and D20 was added to see of the deuterated compound 7d could be formed. 
The 'H NMR spectrum showed that the deuterium was incorporated. 
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o 0 
7c 
s 
s 
o 0 
2a 
1 LDA 
o 0 
D H 
o 0 
7d 
The diketone was treated with lithium diisopropylamide in dry TIIF. D20 was added, the 
mixture was stirred at r.t. After extraction a brown solid remained. 
The same reaction was carried out using benzyl bromide, which gave a brown oil. 
The singlet changed to a multiplet due to the presence of deuterium atom. 
The failure of the alkylation reaction was not due to the failure of the anion formation but 
it must have been due to slow reaction of the enolate with the alkyl haIide. 
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7a 
The Attempted Formation of Substituted Diketones 
x 
o 0 
o 0 
7b 
2a 
o 0 
7e 
The diketone was treated with sodium hydride in dry DMF heated to reflux. The 
solution was cooled to r.t. , methyl iodide was added to form methyl diketone 7a, 
which was not obtained. However when the sodium enolate was treated with ethyl 
iodide a brown solid was extracted. Similar reaction was carried out with the benzyl 
bromide but was carried out at r.t. which gave a dark orange oil, which could not be 
identified. 
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Hydrazine Compounds Section 2 
The aim of the work described in this section was to make thiadiazole compounds to 
study their electronic properties. In order to do this, we first had to make the 
diacylhydrazines, which were done by reacting the thiophene-2-carboxylic acid chloride 
with hydrazine. Similar reaction was carried out with Cl, Br, CH3 substituted thiophenes. 
Since the reaction with P4SlO had been shown to be effective with the diketones, it was 
decided to use this method here. 
The treatment of the diacylhydrazines lSa with P4SlO and sodium hydrogen carbonate in 
acetonitrile at room temperature gave the thiadiazoles in 19a in good yield. 
The hydrazines lS,b,c,d likewise gave the thiadiazoles substituted with Br and Cl atom, 
whereas the methyl compound gave a mixture, which could not be purified. 
The bromo - compound 19d was obtained as crystalline solid and X-ray diffraction 
confirmed the molecular structure. 
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o 
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S 0 0 S 
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S S S 
19 a-d 
Thiophene -2- carboxylic acid was added to thionyl chloride under dry conditions. 
The reaction was heated under reflux. From the IR spectrum the identity of acid 
chloride 20 was confirmed due to the band at 1800 cm· l . 
Compound 20 was dissolved in acetonitrile. A solution of hydrazine and 
triethylamine was added dropwise to the acid chloride solution. A pale yellow solid 
was obtained. 
Compounds 18 a-d were made by using the method above. These compounds were 
then treated with phosphorus pentasulfide and NaHC03 in acetonitrile to give solid 
compounds, which were the desired products. 
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Hinsberg Reactions Section 3 
An alternative to approach to making terthiophenes 3 would involve a condensation 
reaction between a sulfide and a 1,2-diketone, this being a basis of the Hinsberg 
thiophene synthesis. 
If a sulfide such as 26 could be constructed then condensation with diketones or oxalate 
esters would afford terthiophenes substituted on the central ring. The first aim was to 
prepare a bromo methyl thiophene such as 25 in order to make the sulfide by reaction with 
an appropriate sulfur nucleophile. 
+ 
-O--Br Br S 
j 2' 
n n Br-J.Z...S;>-'--S~S;>---Br 
26 
35 
heat 
Chloroform 
No reaction 
The first requirement was to prepare suitable sulfides. This was first investigated by 
brominating 2-methylthiophene to give (25). 
2-Methylthiophene and N-bromosuccinimide were heated under reflux in dioxane. 
The reaction mixture was filtered to remove the solid by-product. Acetone, sodium 
hydrogen sulphide and sodium carbonate were then added to the mixture containing 
25 and it was stirred at r.t. which gave compound 26, after acetone was evaporated, 
and an aqueous extraction was carried out. 
The compound was purified by flash chromatography. However the same reaction 
carried out in chloroform was unsuccessful. 
This method is attractive because it will allow the introduction of different 
substituents into the central thiophene ring. 
The reaction of 25 with sodium sulfide was attempted. However this gave a mixture, 
which could not be purified. 
As an alternative method of hydrolysis a treatment with sodium nitrite was 
investigated as shown below. This was inconclusive and the desired product could not 
be obtained. 
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NaN02 H 
OMe~SH 
o S 
10 
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Thiourea 
.. 
+ 
.. 
~OMe 
Br j 0 11 
NaSH 
~ OMe H£ "s"'ir 
° 10 
5 - MethyIthiophene - 2 - carboxylic acid, methanol and concentrated H2S04 was heated 
to reflux, to form the ester 9. 
The methyl- ester 9 was then treated with N - bromosuccinimide in boiling dioxane. The 
dioxane was evaporated, the remaining oil was then treated with sodium hydrogen sulfide 
and sodium carbonate in acetone, which gave compound 11. Compound 11 was then 
treated with thiourea in ethanol dropwise at r.t. Ethanol was evaporated which left a 
brown solid in 54% yield. 
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One approach involved reacting alcohol \3 with tosyl chloride, to give tosylate 24, which 
was then reacted with thiourea. The aim was to make thiouronium salt 16b, which could 
be hydrolysed to the corresponding thiol 10. This was successful and formed a 
thiouronium salt in 60 % yield. 
The thiouronium salt 16 b was treated with aqueous Hel in an attempt to hydrolyse the 
compound to thioI. This was unsuccessful and the starting material was recovered. This 
indicates more forcing conditions would be needed. These were not investigated due to 
lack of time. 
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ETOH 
13 
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HO OH 
23 
.. 
'~OEt 
HS 11 
- 0 
TSO-
16b 
5 - Methyl - 2 - thiophene carboxaldehyde and sodium borohydride was heated to reflux 
in ethanol, in order to make the alcohol 13. After extraction a brown oil remained. The 
product was confirmed from 'H NMR and IR spectroscopy. 
This compound was then treated with methanesulfonyl chloride in triethylamine and 
dichloromethane at r.t. After extraction a pale yellow oil remained. This oil was then 
dissolved in ethanol and thiourea was added. The mixture was heated to reflux, which 
gave a yellow solid. 
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Compound 13 was treated with tosyl chloride in triethylamine and dichloromethane at r.t. 
The yellow mixture was extracted leaving a pale brown solid. 
A final approach that was studied was a Hinsberg reaction to make a bi-thiophene 
derivative, in this case ethyl mercaptoacetate was reacted with the tosylate in an attempt 
to form 21 which may also have reacted with diketones to form substituted bi-thiophenes. 
The material from the above reaction appeared to be the sulfide, was reacted with diethyl 
oxalate in an attempt to form bithiophene 23 but no definite product was isolated and 
further work is required in this area. 
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The Electrochemistry of Terthioohenes Section 4 
The aim of this section was to study the electrochemistry of the dimethyl terthiophene. 
This was carried out using as the working electrode a pt disk (3mm diameter) and an 
electrolyte, which was O.IM [NBu4][BF4] in MeCN. Potential scan rate v = 75 mVs·1 ). 
The cyclic voltammograms are shown below. These show the compounds undergo 
reversible one electron oxidation. The radical cation is stabilised by the methyl groups. 
This prevents polymerization, which is known to occur with the unsubstituted 
terthiophene. 
Me 
x 
s 
radical cation 
3a 
3b 
__ .~ polymer 
* 
X. No polymerisation 
stabilising methyl group 
* 
--~.~ reacts further 
x = Cl or Br 3c or 3d 
The halo-substituted thiophenes underwent irreversible oxidation, although the nature of 
the products formed is not known. 
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The dimethylterthiophene AB84 (3b) exhibits a reversible one electron oxidation and an 
irreversible one electron oxidation (Figure 1).( Potential is measured with respect to an 
internal calibration using FerrociniumlFerrocene. The working electrode was a PT disk 
(3mm diameter) electrolyte was MeCN O.lM [NBILI][BF4 Potential scan rate v = 7Sm 
Vs·I ). The radical cation is stabilized by the methyl end groups blocking the a.-positions 
of the terthiophene that are normally reactive to C-C coupling and hence polymerization. 
42 
The cyclic voltammogram was performed using a potential scan rate varying from 50 -
200 mVs'! in order to establish that both redox processes were reacting at the electrode 
surface under diffusion control. Figure 2 
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X-ray crystal structure 
., ... ; .. 
/I, ... ; .. ·1·· .; ... , .. ' 
600 800 
The x-ray crystal structure of the thiadiazole 19d was determined!7 and is shown in 
Figure 3 together with the crystal packing diagrams. Bond angle and bond length data is 
given in the appendix. 
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Experimental Procedures Section 5 
General Experiment Procedures 
Reagents 
Commercially available reagents were used as supplied, without further purification, 
unless otherwise stated. Air and moisture sensitive compounds were stored in desiccator 
over self-indicating silica pellets. 
Purification 
Flash chromatography was carried out using silica gel 60 Fluka and hand bellows to 
apply pressure to the column. Analytical thin layer chromatography was carried out using 
aluminium backed plates coated with silica gel 60 Fluka. Plates were visualized under 
UV light (at 254 nm), staining with potassium permanganate solution followed by heating 
or by exposure to an ethanolic solution of phosphomolybdic acid, acidified with 
concentrated sulfuric acid, followed by charring where appropriate. 
Light petroleum refers to the fraction of petroleum ether that boils between 40°C and 60 
°c and was distilled from anhydrous CaCh before use. Ethyl acetate and dichloromethane 
were distilled from anhydrous CaCh and phosphorus pentoxide, respectively. 
Tetrahydrofuran was distilled from the sodiumlbenzophenone ketyl radical before use. 
Triethylamine and diisopropylethylamine were stored over sodium hydroxide pellets. 
Preparation Glassware 
Highly air and moisture sensitive reactions were carried out using glassware that had 
been dried overnight in an oven at 150°C. This was allowed to cool in a desiccator over 
self-indicating silica pellets, under a nitrogen atmosphere. All air sensitive reactions were 
carried out under slight static positive pressure of nitrogen, and reagents and solvents 
. were introduced using syringe or cannula technique, through a septum cap. 
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Melting Points 
Melting points were measured on an Electrothermal-lA 9 100 apparatus and are 
uncorrected. 
Infrared and mass spectra (IR, MS) 
Fourier Transform infrared absorption spectra were recorded on a Perkin Elmer Paragon 
2001 instrument in the range 600-4000 cm"l. Solid samples were run on sodium chloride 
discs as Nujol mulls or thin films for liquid samples. Solid phase resins were run as 
potassium bromide discs. 
High and low-resolution mass spectra were recorded on Jeol (JMX) SX102 instrument 
using electron impact (EL) or fast atom bombardment (F AB) ionization techniques. 
Nuclear magnetic resonance (NMR) 
Proton nuclear magnetic resonance spectra eH NMR) were recorded using Bruker AC-
250 and Bruker D PX-400 instruments operating at 250.13 and 400.13 MHz, 
respectively. The experiments were conducted in deuterated solvents in tetramethylsilane 
as the internal standard. The following symbols have been adopted in the description of 
NMR spectra: J = Coupling constant, multiplicities were recorded as broad signals (br), 
singlets (s), doublets (d), triplets (t), quartets (q), quintuplets (quin), septets, doublet of 
doublets (dd), doublet of triplets (dt) and multiplets (m). 
Carbon-13 nuclear magnetic resonance spectra (I3C NMR) were recorded on a Bruker 
AC-250 and Bruker DPX-400 instrument operating at 62.86 and 100.62 MHz, 
respectively. Normally the I3C NMR spectrum for each compound was recorded in the 
same deuterated solvent as that used for the IH NMR spectrum, unless otherwise stated. 
Tetramethylsilane was used as the internal standard. DEPT, NOE and COSY analyses 
were recorded on the same instruments. 
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X-Ray crystallography 
Data sets were collected on a Bruker SMART 1000 diffractometer. Details of the data 
collections and structure solution are given in Table 1 for each compound, in the 
appendix, section 8.1. The structures were solved by direct methods and refined by full-
matrix least-squares on F2 using SHELXTL (G.M. Sheldrick, SHELXTL version 5.1, 
Bruker-AXS, Madison Wl, 1998). All non-hydrogen atoms were refined with anisotropic 
atomic displacement parameters and hydrogen atoms were inserted at calculated positions 
using a riding model, except for those on the amine nitrogen atoms, which were located 
from difference maps and not further refined. 
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Conclusion 
A new method has been developed for ring closure of thiophenes and thiadiazoles from 
1,4- diketones and diacyl hydrazines, which occurs at room temperature under mild 
conditions. 
A number ofterthiophenes has been made successfully using a mild method with P 4SlO at 
room temperature. Substituted diketones were prepared to react with a range of sulfur 
reagents to give ring closure reactions. 
The X-ray crystal structure ofthiadiazoles derivative has been determined. 
Also made several thiadiazoles, hydrazines 18,b, c, d gave thiadiazoles in good yield. 
The electrochemistry of several terthiophenes has been studied. The dimethylterthiophene 
exhibits a reversible one electron oxidation and an irreversible one electron oxidation. 
Some initial work towards a Hinsberg synthesis of terthiophenes has been carried out. 
The Hinsberg reaction would allow synthesis of terthiophenes with a wide range of 
substituents. Due to the lack of time this work could not be completed. 
Further work in this area would be desirable. 
51 
N.B ABX is the sample code, which refers to the lab book and (Y) is the structure 
number from the structure glossary. 
ABI (S) The Preparation of (2-Thienyll-ethan-l-one 
4 3 
O~ ;-...(CH3 
5 S 2 \\ 
o 
To a suspension of AlCh (8.00 g, 0.06 mol) in CH2Ch (30 mL) a solution of thiophene 
(4.81 mL, 0.06 mol) and acetyl chloride (3.56 mL, 0.05 mol) in CH2Ch (5 mL) was added 
dropwise. The mixture was stirred at r.t. for 16 h under nitrogen. This mixture was then 
poured into ice/water (20 mL) containing conc HCI (5 mL). The mixture was left stirring 
for Ih. The dark yellow organic phase was separated, washed successively with HCI IM, 
H20, NaHC03 solutions and dried over MgS04. 
After evaporation of the solvent a dark brown oil remained, which was then purified by 
flash chromatography (Si02, CH2Ch), and gave a green oil ABl.2. 
ABI.2: 3.24g (0.026 mol, 43%), 
C,&iOS (126.18) 
m (KBr): v max= 1665 (C=O) cm-! 
lH-NMR: (250 MHz, CDCh): 0 = 2.55 (3H, s, CH3), 7.12 (1H, dd, J = 5.1, 3.9, H-4), 
7.62 (1H, dd, J = 5.1, 1.2, H-5), 7.69 (1H, dd, J = 3.9, 1.2, H-3) ppm 
AB2 (2a) The Preparation of I. 4 Bis (2 - Thienyll - Butane-I.4-dione 
4"3"323'4' 
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To a suspension of AlCh (16.00 g, 0.12 mol) in CH2Ch (75 mL) a solution of thiophene 
(9.61 mL, 0.12 mol) and succinylchloride (5.51 mL, 0.05 mol) in CH2Ch (5 mL) was 
added dropwise. The mixture was stirred at r.t. for 16h under an atmosphere of nitrogen 
gas. 
This mixture was then poured into an ice/water solution of conc HCI (5 mL). After 
stirring for I hour the green organic phase was separated, and washed with IM HCI, H20, 
NaHC03 solution and dried over MgS04• 
The solution was evaporated to dryness to give a green solid. 
The green solid was purified by flash chromatography to give a light green solid. 
AB2.1: 10.02g (0.04mol, 80%), m.p: 125-127°C, Lit: 127-128°C 
C12H1001S1 (250.30) 
IR (KBr): v max= 1657 (C=O) cm-l 
lH-NMR: (250 MHZ: CDCh) /) = 3.37 (4H, s, CH2-CH2), 7.13 (2H, dd, J = 1.9, 0.3, H-
4), 7.62 (2H, dd, J= 1.2, 0.3, H-3), 7.79 (2H, dd, J= 1.2, 0.3, H-5) ppm. 
AB3 (3a) The Preparation 0(2,2' : 5',2"- Terthiophene using Phosphorns 
Pentasulfide at room temperature 
4"3"4'3'34 
A mixture of I, 4-bis(2-thienyl)butanedione (1.0 g, 4 mmol), phosphorus pentasulfide 
(2.7 g, 6 mmol) and NaHC03 (1.68 g, 20 mmol) was suspended in acetonitrile (20 mL). 
The yellow mixture was stirred at r.t. for 18 h. 
Acetonitrile was evaporated and the residue was treated with water (20 mL) and CH2Ch 
(10 mL).The mixture was extracted, the organic layer was dried over MgS04, filtered and 
the remaining solvent was removed under vacuum. A yellow solid remained. 
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The solid was recrystallised from ethanol. 
AB3.1: 0.69g (2.8 mmol, 70%), m.p: 92-94°C, (Lit: 93-94 0c) 
C1ZHs~ (248.40) 
lH_NMR: (250MHz, CDCh): 1) = 7.02 (2H, dd, J = 5.0,3.7, H-4 and H-4"), 7.08 (2H, s, 
H-3' and H4'), 7.17 (2H, dd, J = 3.7, 1.2, H-3,3" or H-5,5"), 7.22 (2H, dd, J = 5.1, 1.2, 
H-3 3" or H-5 5") , , 
13C_NMR: (100MHz, CDCh): 1) = 123.70 (C-3,3"), 124.36 (C-3',4) , 124.51 (C-5, s"), 
127.91 (C-4, 4'), 136.27 (C-z',5), 137.18 (C-2, 2') 
W247.9791 Cl2HsS3 requires 247.9788. 
AB4 (3a) The Preparation of 2.2' i 5'2" - Terthiophene using Lawesson's reagent 
A mixture of 1,4 - bis (2-thienyl) butanedione (1.0 g, 4 mmol) Lawesson's reagent (2.43 
g, 6 mmol) was suspended in dry toluene (20 mL). The mixture was heated under reflux 
for 20 h. The green mixture was cooled to r.t, and toluene was evaporated and the residue 
was treated with water (20 mL) and CH2Ch (10 mL). The green mixture was extracted, 
the organic layer was dried over MgS04, filtered and the remaining solvent was removed 
under vacuum. A pale green solid remained. The solid was recrystallised from ethanol 
and hexane. The spectroscopic data was to that obtained by the previous method. 
AB4.1: 0.68 g (3 mmol, 68%), m.p: 92-94 DC, (Lit: 93-94 oC)3D 
C1ZHsS3 (248.40) 
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AB5.1 (3a) The Attempted Preparation of 2.2' : 5'2" - Terthiophene using 
Lawesson's reagent and NaRC03 
AB2.2 (1.0 g, 4 mmol) Lawesson's reagent (2.43 g, 6 mmol) and NaHC03 (1.68 g, 20 
mmol) in dichloromethane (25 mL) was stirred at r.t. for 18 h. The dark green organic 
phase was separated, washed successively with concentrated HCl and dried over MgS04• 
The remaining solvent was removed under vacuum, green oily crystals remained. An 
attempt was made to recrystallise the material from ethanol and hexane. This reaction did 
not go to completion, a lot of impurities were present in the recrystallised material. 
CURSS3 (248.40) 
AB6 (28) The Attempted Preparation of Septi Thiophene 
A mixture of AB3.1 (0.5 g, 2 mmol) AlCh (0.27 g, 2 mmol), succinylchloride (0.155 g, 1 
mmol) and acetonitrile (25 mL) was stirred at r.t. for 18 h. The acetonitrile was 
evaporated, and the dark orangelbrown mixture was separated using DCM. The organic 
layer was dried over MgS04. The solvent was evaporated. An orangelbrown solid 
55 
remained. This solid was unidentifiable. The IR and IH NMR spectra were very complex 
and could not be interpreted. 
AB7 (25) The Attempted Preparation of 2-Bromo-5-lBromo methyllthiophene 
~ 
Br~s~ 
Br 
A yellow mixture of 2- methyIthiophene (2.0 g, 0.02 mol), and N bromosuccinimide 
(7.26 g, 0.04 mol) in chloroform (25 mL) was heated under reflux for 5 h. The white solid 
formed was filtered off (by-product). The solution was evaporated to give a yellow oil. 
The reaction was unsuccessful and the desired compound could not be obtained. An 
unidentified product was obtained. 
AB8 Same procedure as AB7, except 1,4 dioxane was used as solvent instead of 
chloroform, and the mixture was refluxed for 20 h. This gave an impure product, which 
could not be purified as the compound goes off in a short time. Reaction worked but was 
impure, mass = 3.93 g (77%) 
The IH NMR spectrum was very complex so no interpretation could be made. 
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AB9 (3a) The Attempted Preparation of 2,2': 5'2" - Terthiophene using 
Hexamethyldisilathiane 
4" 3" 4' 3' 3 4 
AB2.2 (1.0 g, 4 mmol) and hexamethyldisilathiane (0.71 g,4 mmol) were suspended in 
dioxane (10 mL). The mixture was heated under reflux for 20 h. The light green solution 
was evaporated and a green solid remained. This was shown to be mainly starting 
material. 
ABIO (Sa) The Attempted Reaction of2,2'-Bithiophene with Succinyl Chloride 
To make the intermediate butan-l,4-dione bis (2,2' - bithien -5'- yl) 2,2'- bithiophene, a 
mixture of bithiophene (0.33 g, 4 mmol), AlCh (0.54 g, 4 mmol), and succinylchloride 
(0.31 g, 2 mmol) in acetonitrile (25 mL) was stirred at r.t. for 20 h. Acetonitrile was 
evaporated and the dark green mixture was partitioned between water and DeM. The 
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organic layer was dried over MgS04, the remaining solvent was evaporated to yield a 
green oily product. The compound was purified by flash chromatography. Hexane was 
added to the oil to give a green solid 0.74g. A mixture of starting material and other 
impurities was recovered. 
ABIU26) The Attempted Preparation of Di-(5-Bromothien-2-ylmethyJ) Snlfide 
nsn Br~S»-.J ~S»-Br 
A mixture of2-methylthiophene (2.0 g, 0.02 mol), and N-bromosuccinimide (7.26 g, 0.04 
mol) in dioxane (25 mL) was heated under reflux for 20 h. The reaction mixture was 
filtered to remove the solid by-product. The dioxane was then evaporated. 
Acetone (25 mL), sodium hydroxide sulfide (0.56 g, om mol), and sodium carbonate 
(0.01 mol) were added to the mixture which was stirred at r.t. for 5 h. 
The acetone was evaporated, H20 (20 mL) was added to the mixture, then the organic 
material was extracted with dichloromethane (20 mL X 3), the extract dried over MgS04 
and evaporated. A brown oil remained, which was subjected to flash chromatography 
eluting with DCM giving compound AB 11.3. 
Mass = 2.72 g, This also gave an impure product. 
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AB12 (3a) The Preparation 0(2,2':5'2" Terthiophene using 
Hexamethyldisilathiane and BCh 
4·3" 4' 3' 34 
1,4 - Diketone AB2.2 (1.0 g, 4 mmol) was dissolved in toluene (50 mL) and 
hexamethyldisilathiane (1.43 g, 8 mmol) was added in one portion at r.t., directly 
followed by BCh (IM in heptane, 10 mL). 
After 18 h, TLC (EtOAc - heptane 9:1) indicated total consumption of the starting 
material, and H20 (100 mL was added). The organic phase was separated, washed with a 
further amount of H20 (150 mL x 2), dried over MgS04 and evaporated to a dark brown 
crude solid product. The product was purified by flash chromatography (heptane). Yield 
(0.62 g, 2.5 mmol, 63%). 
CU HSS3 (248.40) 
IH_NMR: (250MHz, CDCh): /) = 7.02 (2H, dd, J = 5.0, 3.7, H·4 and H·4"), 7.08 (2H, s, 
H-3' andH4'), 7.17 (2H, dd, J= 3.7,1.2, H·3,3" orH-5,5"), 7.22 (2H, dd, J= 5.1,1.2, 
H-3 3" or H·5 5") , , 
I3C_NMR: (100MHz, CDCh):" = 123.7 (C-3,n, 124.36 (C-3',4), 124.51 (C-5, s"), 
127.91 (C-4, 4'), 136.27 (C-1',5 ,), 137.18 (C-2, 1'), 
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AB13 (3a) The Attempted Preparation of 2,2':5'2" - Terthiophene using 
Hexamethyldisilathiane and Trimethylsilyltrifluoromethane 
4"3" 4' 3' 34 
1,4 - diketone AB2.2 (1.0 g, 4 mmol) dissolved in anhydrous acetonitrile (30 mL) and 
hexamethyldisilathiane (0.79 g, 0.93 mL) was added in one portion at r.t. under nitrogen. 
Trimethylsilyltrifluoromethane (0.18 mL, 1 mmol) was added to the mixture. The 
reaction was left stirring under an atmosphere of nitrogen gas for 18 h. After 18 h TLC 
(DCM) indicated starting material to be still present. Acetonitrile was evaporated, water 
(100 mL) was added, the organic phase was separated with DCM (30 mL x 3). Then 
CH2Ch extracts were combined and washed with Na2COJ to remove acid. The CH2Ch 
layers were dried over MgS04. After evaporation of the solvent a dark green oil remained. 
This material was then purified by flash chromatography (DCM). Starting material was 
recovered which was identified by its IH_NMR spectrum. Mass (0.58 g) 0.0023 moles, 
58%. 
AB16 (3a) The Preparation of2,2' : 5',2" - Terthiophene 
4" 3" 4' 3' 3 4 
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1,4 diketone AB2.2 (1.0 g, 4 mmol) dissolved in acetonitrile anhydrous (30 mL) and 
hexamethyldisilathiane (0.79 g , 0.93 mL) was added in one portion at r.t. under an 
atmosphere of nitrogen gas. Trimethylsilyl trifluoromethane sulfonate (0.72 mL, 4 mmol) 
was added to the green mixture. The reaction was left stirring under an atmosphere of 
nitrogen gas for 12 h. After 12 h TLC (DCM) indicated the reaction was complete. 
Acetonitrile was evaporated, water (100 mL) was added. The organic phase was 
separated with DCM (3 x 30 mL). 
The CH2Ch extracts were combined and washed with Na2C03 to remove acid. The 
CH2Ch layers were dried over MgS04. Then evaporated, which gave a dark green / 
yellow solid. This solid was then purified by flash column (DCM). 
This reaction worked well and it was found that the reaction depends on the concentration 
oftrimethylsilyl trifluoromethane sulfonate. In this case one equivalent was used hence 
reaction went to completion. The spectroscopic data was identical to that obtained from a 
previous sample. 
Mass (0.76 g, 0.003 moles) 76%. 
m.p: 94°C, (Lit: 92-93 0c) 30 
AB17 (7a) The Attempted Preparation of 1,4-Dithien-2-yl-2-methylbutan-l,4-dione 
Sodium hydride (60% dispersion in mineral oil) (0.04 g) was washed with light 
petroleum to remove oil. NaH (0.024 g, 0.001 mol) was weighed into a flask. Dry DMF 
(10 mL) was added. Diketone (0.25 g, 0.001 mol) in 5 mL ofDMF was added dropwise 
methyl iodide was added (0.20 mL, 0.0013 mol) dropwise. The brown mixture was 
stirred at r. t. for 2 h. 
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Nitrogen was bubbled through solution for 10 min to remove CH3I. DMF was then 
evaporated under reduced pressure. Water (10 mL) was added to the solution and 
extracted with dichloromethane (3X20 mL). The organic layer was dried over MgS04• 
filtered and evaporated to give a brown oil, (0.24 g) shown to be starting material. 
ABIS Pb) The Attempted Preparation of I, 4-Dithien-2-yl-2-ethylbutan-I,4-dione 
Sodium hydride (0.04 g, 0.001 mol) was weighed into a flask. Dry DMF (10 mL) was 
added, diketone (0.25 g, 0.001 mol) dissolved in DMF (5 mL) was added dropwise to the 
solution. The brown solution was stirred at 60°C for 15 min to ensure the anion 
formation. Ethyl iodide (0.104 mL, 0.0013 mol) was added to the mixture dropwise. The 
dark brown mixture was stirred at r.t. for 2 h. Nitrogen was bubbled through the solution 
for 10 min to remove CH3CH2I. DMF was evaporated under reduced pressure. Water (10 
mL) was added to the solution and extracted with DCM (3x20 mL). The organic layer 
was added over MgS04, filtered and evaporated to give a brown solid. Starting material 
was recovered (76 %,0.0076 mol, 0.21 g) m.p. 12SoC. 
ABI9 (7a) The Attempted Preparation of 1,4-Dithien-2-yl-2-methylbutan-I,4-dione 
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Sodium hydride (0.036 g, 0.0015 mol) was weighed into a dry flask. Dry DMF (10 mL) 
was added. Diketone (0.25 g, 0.001 mol) dissolved in DMF (5 mL) was added dropwise 
to the solution. The mixture was heated under reflux for 15 min under an atmosphere of 
nitrogen gas. The solution was cooled to room temperature and methyl iodide (1.52 mL, 
O.oI mol (10 eq» was added. The reaction was stirred at r.t. for 20 h. Nitrogen was 
bubbled through solution for 10 min to remove CH3I. 
DMF was extracted with DCM (3 X20 mL). The organic layer was dried over MgS04, 
filtered and evaporated. This gave a brown oil which could not be identified. 
AB20 (7b) The Attempted Preparation of 1, 4-Dithien-2-yl-2-ethylbutan-l,4-dione 
Sodium hydride (0.06 g, 0.0015 mol) was washed to remove oil and weighed into a flask. 
Dry DMF (10 mL) was added. Diketone (0.25 g, 0.001 mol) dissolved in DMF (5 mL) 
was added dropwise to the solution. The brown mixture was stirred and heated to reflux 
for 20 min to ensure the anion formation. Ethyl iodide (0.8 mL, 0.01 mol) was added to 
the mixture dropwise. The dark brown mixture was heated to reflux for 12 h under an 
atmosphere of nitrogen. Nitrogen was bubbled through the solution for 10 min to remove 
CH3CH2I. DMF was evaporated under reduced pressure. Water (10 mL) was added to the 
soloution and extracted with DCM (3 x20 mL). The organic layer was dried over MgS04, 
filtered and evaporated. This gave a brown solid. An unidentified mixture was obtained. 
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AB21The Attempted Preparation of 1,4-Dithien-2-yl-2-ethylbutan-I,4-dione 
Sodium hydride (0.060 g, 0.0015 mol) was weighed into a flask. Dry THF (10 mL) was 
added. Diketone (0.25 g, 0.001 mol) dissolved in THF (5 mL) was added dropwise to the 
solution. The mixture was stirred and heated to reflux for 20 min at 65 QC, under an 
atmosphere of nitrogen gas, to ensure the anion formation. Ethyl iodide (0.50 mL, O.oI 
mol) was added to the mixture dropwise. The red mixture was stirred at 65 QC for 18 h. 
Nitrogen was bubbled through the solution for 10 minutes, to remove any unreacted 
CH3CH2I. THF was evaporated under reduced pressure. Water (10 mL) was added to the 
solution and extracted with DCM (3x20 mL). The organic layer was dried over MgS04, 
filtered and evaporated, which gave a pale brown oil. An unidentified mixture was 
obtained. 
AB23 (7c) The Attempted Preparation of2-Benzyl-I,4-Dithien-2-ylbutane-I,4-dione 
Ph 
Sodium hydride (0.060 g, 0.0015 mol) was weighed into a flask. Dry THF (10 mL) was 
added. Diketone (0.25 g, 0.001 mol) dissolved in THF (5 mL) was added dropwise to the 
solution. The orange mixture was stirred and heated for 20 min to ensure the anion 
formation. Benzyl bromide (1.71 g, 1.20 mL) was added to the mixture dropwise. The 
orange mixture was stirred at r.t. for 28 h. THF was evaporated under reduced pressure. 
Water (10 mL) was added to the solution and extracted with DCM (3 x20 mL). The 
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organic layer was dried over MgS04, filtered and evaporated, which gave a dark orange 
oil. An unidentified mixture was obtained, O. 17 g. 
AB24 (7a) The Attempted Preparation of 1, 4-Dithien-2-yl-2-methylbutan-l, 4-
dione 
Diketone (0.25 g, 0.001 mol) was dissolved in minimum convenient volume of dry THF 
(5-10 mL), the solution was cooled down to 0 QC. 
The reaction was kept under nitrogen. Lithium diisopropylamide (0.8 mL) was injected 
into the flask. Methyl iodide (0.001 mol) was dissolved in THF (2 mL) was added 
dropwise. The red mixture reaction was stirred at room temperature for 2 h. Bubbled 
nitrogen gas through the solution, for 10 min THF was evaporated under reduced 
pressure, water (10 mL) was added to the solution and extracted with DCM (3 X20 mL). 
The organic layer was dried over MgS04, filtered and evaporated, to give an orange / 
brown oil. The NMR spectrum gave a very complex pattern of peaks, which could not be 
interpreted. 
AB25 (7d) The Preparation of the Deuterated Diketone 
o 
s· 
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Diketone (0.25 g, 0.001 mol) was dissolved in minimum convenient volume of dry THF 
(5-10 mL). The solution was cooled down to 0 °c. Lithium diisopropylamide (0.8 mL) 
was added to the solution at 0 °c, was stirred 10 min at 0 °C. D20 (0.02 g, 0.018 mL) was 
added to the solution mixture, the reaction was left stirring for 2 h at r.t. THF was 
evaporated under reduced pressure; water (10 mL) was added to the solution and 
extracted with DCM (3 x20 mL). The organic layer was dried over MgS04, filtered and 
evaporated, which gave a brown solid. 
m (KBr): v max= 1657 (C=O) cm"! 
lH-NMR: (250 MHZ: CDCb) 0 = 3.29 - 3.34 (3H,m, CH2-CHD), 7.13 (2H, dd, J = 1.9, 
0.3, H-4), 7.62 (2H, dd, J= 1.2, 0.3, H-3), 7.79 (2H, dd, J= 1.2,0.3, H-5) ppm. 
AB26 (7b) The Attempted Preparation of I. 4-Dithien-2-yl-2-ethylbutan-l. 4-dione 
5' 
Diketone (0.25 g, 0.001 mol) was dissolved in minimum convenient volume of dry THF 
(5-10 mL), the solution was cooled down to OoC. 
The reaction was kept under nitrogen, Lithium diisopropylamide (0.8 mL) was injected 
into the flask. Ethyl iodide (0.001 mol) dissolved in dry THF (2.5 mL) was added. The 
red mixture was stirred for 5 h at r.t. Nitrogen was bubbled through the solution for 10 
min to remove CH3CH21 THF was evaporated under reduced pressure. Water (10 mL) 
was added to the solution and extracted with DCM (3X20 mL). The organic layer was 
dried over MgS04, filtered and evaporated, which gave brown oil. This was not 
identifiable. 
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AB27 (7c) The Attempted Preparation of 2-Benzyl-l, 4-Dithien-2-ylbutane-l, 4-
.!lli!!!!l 
Ph 
4' 
5' 
Diketone (0.25 g, 0.001 mol) was dissolved in minimum convenient volume of dry THF 
(10 mL),the solution was cooled down to 0 QC. 
The reaction was kept under nitrogen. Lithium diisopropylamide (0.8 mL) was injected 
into the flask. Benzyl bromide (0.001 mol) dissolved in dry THF (5 mL) was added to the 
mixture. The red mixture was stirred for 5 h at r.t. THF was evaporated under reduced 
pressure. Water (10 mL) was added to the solution which was extracted with DCM 
(3 x20 mL). The organic layer was dried over MgS04, filtered and evaporated, to give a 
brown oil. No identifiable product was obtained. 
AB29 (9) The Preparation of Methyl 5-Methylthiophene-2-carboxylate 
5-Methylthiophene-2- carboxylic acid (12,81 g, 90 mol), methanol (90 mL) and 
concentration H2S04 (15 mL) was heated to reflux for 18 hours. The clear mixture was 
evaporated. The organic layer was extracted with DCM (20 mLx3), washed with bi-
carbonate solution, dried over MgS04 which gave a colourless oil which was the correct 
product confirmed by IR and lH NMR spectroscopy. 
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Mass: 9.70 g, 69% 
IR (KBr): v max= 1712 (C=O) cm-l 
lH-NMR: (400 MHZ: CDCh) Ii = 7.58 (lll,d, J = 5.6, H-3), 6.73 (Ill, dq, J = 5.6, 1.6, 
H-4), 3.83 (3H, s, MeO), 2.48 (3ll, d, J= 1.6, 5-Me) ppm 
AB30 (1t) The Preparation ofMethyl5-{Bromomethyllthiophene-2-carboxylate 
A mixture of AB29 (methyl - ester) (0.78 g, 5 mmol), N-bromosuccinirnide (0.89 g, 5 
mmol) in dioxane (25 mL) was heated to reflux for 20 h. The reaction mixture was 
filtered to remove the solid by-product. The dioxane was evaporated, a yellow solution 
remained. The product from this reaction was directly used in the next reaction without 
characterization. 
AB31 The Attempted Preparation of Methyl 5-(Mercaptomethyllthiophene-2-
carboxylate. 
The crude product from the previous procedure was evaporated, acetone (25 mL) was 
added, sodium hydrogen sulfide (0.112 g, 0.002 mol) and sodium carbonate (0.105 g, 
0.001 mol), were added and the mixture stirred at r.t. for 10 h. 
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The acetone was evaporated, H20 (20 mL) was added to the mixture, and then the layer 
was extracted with DCM (20 mLx3). The organic extracts were dried over MgS04, a 
yellow solution remained. This compound was not identifiable. 
AB32 (12) The Preparation of 2-(Bromomethyllthiophene 
f6 
Br 
A mixture of2 - methylthiophene (2.0 g, 0.02 mol), N-bromosuccinimide (7.26 g, 0.04 
mol) in chloroform (25 mL) was heated to reflux for 3 h. The reaction was induced with 
visible light (brown). The refluxing mixture was filtered and the solution evaporated to 
dryness. A dark orange oil remained. (AB32.1). This compound was then used for the 
next reaction directly without characterization. 
AB33 (29) The Preparation of2-(Thiolmethyl) thiophene 
f6 
SH 
Acetone (25 mL) was added to AB32.1. Sodium hydrogen sulfide (0.56 g, 0.01 mol), and 
sodium carbonate (0.01 mol) was added to the mixture which was stirred at r.t. for 5 h. 
Acetone was evaporated, and an orange solid remained. H20 (20 mL) was added to the 
mixture, and then the organic layer was extracted with dichloromethane (3 x20 mL), 
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dried over MgS04 and evaporated. A light brown oil remained. No identifiable products 
were obtained. It was a very complex mixture, however when the compound was left for 
couple of days, it decomposed and HBr fumes were given off, this suggests that this 
product was the bromo compound and not the AB33. 
AB34 (13) The Preparation of 5 - Methvlthien- 2 - vi Methanol 
5 - Methyl- 2 - thiophene carboxaldehyde (4.0 g, 0.032 mol) and sodium borohydride 
(1.2 g, 0.032 mol) heated under reflux in ethanol (30 mL) for 4 h. (dark brown solution). 
Ethanol was evaporated, the organic layer was treated with water (5 mL), and the mixture 
was extracted with dichloromethane (3x20 mL), dried over MgS04. A light brown oil 
remained. 
This reaction was successful, it was confirmed by the IR and ! H NMR. These were 
identical to the literature values.3! 
Mass: 3.36 g, 83% 
AB35 (15) The Attempted Preparation of S- Benzylthiouronium Bromide 
Br 
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Benzyl bromide (0.86 g, 0.005 mol) was mixed with ethanol (20 mL). Thiourea (0.38 g, 
0.005 mol) was added dropwise as a solution in ethanol (5 mL). The reaction was stirred 
at r.t. for 1 h, and followed by TLC. Starting material was still present, so the reaction 
was then heated under reflux for 1 h (mixture was colourless). Ethanol was evaporated, 
H20 (5 mL) was added, and the organic material was extracted using dichloromethane 
(3X20 mL). The organic layers were dried with MgS04 and evaporated to dryness. A 
colourless solid remained. No product was isolated. 
AB36 (15) The Preparation of S- Benzylthiounium Bromide 
Br 
The above procedure was followed AB 35.1, except the mixture was heated under reflux 
for 4 h. The ethanol was evaporated, and diethyl ether was added dropwise, which gave a 
crystalline white solid. 
Mass: 1.22 g, 98% 
'H-NMR: (250MHz, CDCh): /) = 9.09-9.27 (bs, 2 x NH2), 7.31-7.46 (5H, m, Ar-H), 3.46 
(2H, s, H-2) 
W 167.0646, CSHllN2S requires 167.0643 
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AB38.1 (16a) The Preparation of S-(5-Methyloxycarbonyl Thien-2-yl Methyl 
Thiouronium Bromide. 
The (bromomethyl) thiophene (AB37.1) (1.16 g, 0.005 mol) was mixed with ethanol (25 
mL). Thiourea (0.38 g, 0.005 mol) was added dropwise as a solution in ethanol. The 
reaction was stirred at r.t. for 5 h. Ethanol was evaporated, diethyl ether was added 
dropwise to give a brown solid. 
Mass: 0.35 g, 54%, m.p : 196-198°C 
IR (KBr): v max= 3400-2900 (broad) NH, 1700 (C02Me) cm· l 
lH_NMR: (250MHz, CDCh): /) = 9.09-9.29 (bs, 2 x NH2), 7.71 (1H, d, J=1.5, CH), 7.22 
(1H, cl, J=1.5, CH), 4.83 (2H, s, CH2), 3.83 (3H, s, CH3). 
AB39 The Attempted Preparation ofS-(5-Methylthien-2-yJ) methyl thiouronium 
Methanesulfonate 
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The alcohol AB34 (1.00 g, 0.0078 mol) and methanesulfonyl chloride (0.89 g, 0.0078 
mol) in triethyl amine (1.0 g, O.oI mol) and dichloromethane (10 mL) was stirred at r.t. 
for 3 h. The pale yellow mixture was extracted with DCM (20 mLX3) and washed with 
water. The organic layer was dried over MgS04. evaporated, a pale yellow oil remained. 
This oil was then dissolved in ethanol and thiourea (0.59 g, 0.0078 mol) was added. The 
mixtures were heated to reflux for 3 h. The contents were then evaporated which gave a 
yellow solid, which could not be identified. 
Mass:O. 80 g 
AB41 (17) The Attempted Preparation of5-Methylthien-2-ylmethyl 
Methanesulfonate 
AB40 (1.0 g, 0.0078 mol) and methanesulfonyl chloride (0.89 g, 0.0078 mol) in triethyl 
amine (1.0 g, 0.01 mol) and dichloromethane (10 mL) were stirred at r.t. for 3 h. The pale 
yellow mixture was treated with water (30 mL) and the aqueous layer extracted with 
DCM. The organic layer was dried over MgS04. evaporated, a yellow oil remained. 
This reaction was unsuccessful, and the products could not be identified. 
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AB43 (24) The Attempted Preparation of 5-Methvlthien-2-vlmethvl p-
Toluenesulfonate 
AB42 (1.00 g, 0.0078 mol) and tosyl chloride (1.49 g, 0.0078 mol) in triethylamine (1.0 
g, 0.01 mol) and dichloromethane (10 mL) was stirred at r.t. for 3 h. The yellow mixture 
was extracted with DCM (20 mLX3) and washed with water. The organic layer was dried 
over MgS04 and evaporated, a pale brown solid remained. This product could not be 
identified. 
Mass:O.l g 
AB49 (2b) The Attempted Preparation of 1,4-Di-(5-Methvlthien -2- vll butan-l,4-
dione 
o 0 
To a suspension of AlCh (16.0 g, 0.12 mol) in CH2Ch (100 mL) succinylchloride (5.51 
mL, 0.05 mol) in CH2Ch was added dropwise. 2-methyl thiophene (11.62 mL, 0.12 mol) 
was added dropwise. The mixture was stirred at r.t. for 18 h under an atmosphere of 
nitrogen. The mixture was then hydrolysed with ice and conc HCI (5 mL). After stirring 
for 1 h the red organic phase was separated, and washed with IM HCI, the H20 NaHC03 
solution and dried over MgS04. The solution was evaporated to dryness until a dark 
green sticky solid remained. This reaction was unsuccessful as no identifiable product 
was obtained. 
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ABSl (3c) The Attempted Preparation of S,S"-Dichloro-2,2':S' .2"-Terthiophene 
4"3" 4'3' 34 
Cl Cl 
To a suspension of AlC!) (16.0 g, 0,12 mol) in CH2Ch (75 mL) a solution of 2-
chlorothiophene (11.10 mL, 0.12 mol) and succinylchloride (5.51 mL, 0.05 mol) in 
CH2Ch was added dropwise. The mixture was stirred at r.t. for 18 h under an atmosphere 
of nitrogen gas. 
The mixture was then hydrolysed with ice and conc HCI (5 mL). After stirring for 1 h the 
green organic phase was separated, and washed with HCI, then H20 NaHC03 solution 
and dried over MgS04. The solution was evaporated to dryness until a brown solid 
remained. This reaction was unsuccessful as it was a mixture. 
ABS3 (2c) The Preparation of 1,4-Di-(5-Chlorothien -2- yl) butan-l,4-dione 
4" 3" 4' 3' 3 4 
Cl Cl 
o 0 
To a suspension of AlCh (8.0 g, 0.06 mol) in CH2Ch (100 mL) a solution of 
2-chlorothiophene (5.55 mL, 0.006 mol) and succinylchloride (2.76 mL, 0.025 mol) in 
CH2Ch (5 mL) was added dropwise. The mixture was stirred at r.t. for 16 h under 
nitrogen. 
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The mixture was then poured into an ice/water solution of cone. HCI (5 mL). After 
stirring for one hour the green organic phase was separated, and washed with IM HCI, 
H20, NaHC03 solution and dried over MgS04. 
The pale green solid was recrystallised from hot ethanol. 
AB53: 15.03 g (0.047 mol, 78%), mp: 140-141°C 
C12IIsS:z01C11 (319.3) 
IR (KBr): Vmax = 3150-3050 (CH-arom), 2900 (CH-aliph), 1650 (C=O) cm-l 
IHNMR: (250MHz, CDCh): 1)=7.59 (2H, d, J=3.9, H-4,4"), 6.98 (2H, d, J=4.2, H-3,3"), 
3.29 (4H, s, CHl-3', 4'). 
MW318.9420 CI2H9Cb02S2 requires 318.9421 
AB54 (3e) The Preparation of 5,5"-Diehloro-2,2': 5' ,2"-terthiophene 
4"3" 4'3' 3 4 
Cl Cl 
AB53.2 (1.28 g, 4 mmol), phosphorus pentasulfide (2.7 g, 6 mmol) and NaHC03 (1.68 g, 
20 mmol), was suspended in acetonitrile (25 mL). The mixture was stirred at r.t. for 18h. 
Acetonitrile was evaporated under vacuum. The yellow mixture was separated with 
dichloromethane. The organic layer was dried over MgS04, filtered and evaporated. The 
orange solid was recrystallised from hot ethanol. 
AB54: 1.22 g (3.8 mmol, 96%), mp: 138-139°C 
C12H6S3CIz (317,39) 
IH_NMR: (250MHz, CDCI3): 1)=6.98 (2H, s, H-3', H-4'), 6.92 (2H, d, J=2.43, H-4", H-
4),6.84 (2H, d, J=2.43, H-3", H-3) 
13C_NMR: (100 MHz, CDCh): I) = 123.3 (C-4", 4),124.8 (C-3', 4'),127.4 (C-3, 3"), 
129.4 (C-5, 5"), 135.8 (C-2", 2),135.9 (C-2', 5') 
76 
M" 317.8919 clza;s3ch requires 317.8914 
AB55 C2d) The Preparation of 1,4 -Di-CS - Bromothien-2-yJ) butan-l,4-dione 
Br Br 
o 0 
To a suspension of AlCb (5.33 g, 0.04 mol) in CH2Ch a solution of 
2-bromothiophene (3.83 mL, 0.04 mol) and succinylchloride (1.87 mL, 0.017 mol) in 
CH2Ch was added dropwise. The dark purple mixture was stirred at r.t. for 16 h under 
nitrogen. 
The mixture was then hydrolysed with ice and cone HCI (5 mL). After stirring for I h the 
dark red organic phase was separated, and washed with IM HCI, then with H20 NaHC03 
solution and dried over MgS04. 
The solution was evaporated to dryness until a brown solid remained. 
The dark brown solid was re-crystallised from hot ethanol. 
Mass: 6.73 g, 55% m.p: 144.1 -144.4 °c 
m (KBr): Vmax= 3120-3010 (CH-arom), 2870 (CH-aliph), 1700 (C=O) cm-I 
IHNMR: (250MHz, CDCb): fJ=7.69 (2H, d, J=3.5, H-4,4"), 6.80 (2H, d, J=3.6, H-3,3"), 
3.10 (4H, s, CHz-3', 4'). 
M+ 405.8340 CdIg0 2Sz}3r2 requires 405.8333 (Br79 isotopes used) 
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AB56 (2b) The Attempted Preparation of 1,4 Di-(5-MethyIthien-2-yJ) butan-l,4-
dione 
o 0 
To a suspension of AlCh (8.0 g, 0.06 mol) in CH2Cb (100 mL) a solution of 
2-methyl thiophene (5.81 mL, 0.06 mol) and succinylchloride (2.76 mL, 0.025 mol) in 
CH2Cb was added dropwise. The mixture was heated under reflux for 3 h. The mixture 
was then hydrolysed with ice and conc HCI (5 mL). After stirring for 1 h the red organic 
phase was separated, and washed with IM HCI, H20, NaHC03 solution and dried over 
MgS04. The solution was evaporated, a brown oil remained which was unidentifiable. 
AB57 (3d) The Attempted Preparation of 5,5". Dibromo- 2,2' :5', 2" terthiophene 
4"3" 4'3' 34 
Br Br 
AB55.2 (1.63 g, 0.004 mol), phosphorus pentasulfide (2.7 g, 6 mmol) and NaHC03 (1.68 
g, 20 mmol) was suspended in acetonitrile (20 mL). The mixture was stirred at r.t. for 18 
h. The acetonitrile from the mixture was evaporated under vacuum. The mixture was then 
separated, the organic layer was dried over MgS04, filtered and evaporated. A yellow 
solid remained. 
Mass:0.87 g, 54 m.p: 143.0-144.1 °c 
78 
The Preparation of Thiophene- 2- carbonyl chloride 
n 
"s/ )--cl 
o 
Thiophene -2- carboxylic acid (1.28 g, 10 mmol) was added to thionyl chloride (20 mL) 
under dry conditions. The reaction was heated to reflux for 2 h. The mixture was 
evaporated to dryness, to remove thionyl chloride, which gave a pale brown oil (AB58.1). 
Only the IR was checked which confirmed (Vrnax =1800 cm·l) the carbonyl peak. 
The next reaction followed on from the first. 
AB58.1 was dissolved in acetonitrile (10 mL). 
H H 
\ / Q----{N-N>rO 
s 0 0 s 
Hydrazine (0.29 g, 5 mmol) and triethyl amine (1.01 g, 10 mmol) was dissolved in dry 
acetonitrile (5 mL). This solution was then added dropwise to the acid chloride solution, 
the reaction was carried out in an ice bath. The reaction was then left stirring at r.t. for 
2h. 
The acetonitrile was evaporated under vacuum. Water (10 mL) was added, the pale 
yellow solid was then filtered and dried in a desiccator. 
Mass:O. 39 g, 78% m.p: 261.8-265.2 QC 
IHNMR: (250MHz, CDCh): 0=10.58 (2H, s, 2 x NH), 7.89 (2H, cl, J=2.5, H-3, 3", H-5, 
5"), 7.23 (2H, d, J=2.5, H-4, 4"). 
MIr253.0099 CIOH9N202S2 requires 253.0105. 
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AB60 (l9a) The Attempted Preparation of 2,5- Dithien- 2-yl-l,3,4- thiadiazole 
O-Z-w 
s s s 
AB59.1 (0.504 g, 2 mmol), phosphorus pentasulfide (1.78 g, 4 mmol) and NaHC03 (1.68 
g, 20 mmol) were suspended in acetonitrile (20 mL). The mixture was stirred at r.t. for 18 
h. Acetonitrile was evaporated under vacuum. The dark orange mixture was separated 
with DCM (20 mLX3), the organic layer was dried over MgS04, filtered and evaporated. 
A brown solid remained. The solid was re-crystallised from hot ethanol. 
However this reaction was unsuccessful, starting material was recovered. 
AB61 (l9d) The Preparation of 2,5 - Di- (5 Bromothien - 2- yl)- 1,2,4 - Thiadiazole 
4" 3"4'3' 34 
Br-J);1!S~Br 
AB55.2 (0.82 g, 0.002 mol), phosphorus pentasulfide (1.78 g, 4 mmol) and NaHC03 
(0.84 g, 10 mmol) were suspended in acetonitrile (20 mL). The yellow mixture was 
stirred at r.t. for 36 h. The mixture was separated with DCM (20 mLX3), the organic 
layer was dried over MgS04, filtered and evaporated. A dark orange solid remained. 
The solid was re-crystallised from ethanol. 
Mass:0.61 g, 8oolo m.p: 133.0-135.1 °C 
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IH_NMR: (250MHz, CDCh): /) = 6.87 (2H, d, J= 2.5, H-3", H-3), 6.92 (2H, d, H-4", H-
4), 10.38 (2H, s, 2 x NIl) 
I3C-NMR: (100 MHz, CDCh): /) = 111.7 (C-5, 5"), 124.9 (C-3", 3), 131.1 (C-4", 4), 
135.9 (C-2', 5'), 138.7 (C-2, 2") 
M+ 403.7966 Cd~S3Brz requires 403.7998. 
AB62 (]8a) The Preparation ofN,N'- Di - (5 Thien 2 - oyl) Hydrazine 
4' 3' 
3"4" HH 43 n jN-N, n 
.f.....S<'~ S' 5 ~S;>2 
o 0 
Thiophene -2- carboxylic acid (3.84 g, 30 mmol) was added to thionyl chloride (20 mL) 
under dry conditions. The reaction was heated to reflux for 
2h. The mixture was evaporated to dryness, to remove thionyl chloride, which gave a 
yellow oil (AB62.A). 
AB62.A was then dissolved in dry acetonitrile (10 mL). Hydrazine (0.87 g, 15 mmol) and 
triethylamine (3.03 g, 30 mmol) was dissolved in dry acetonitrile (5 mL). This solution 
was then added dropwise to the acid chloride solution, the reaction was carried out in an 
ice bath. The reaction mixture was stirred at r.t. for 2h. 
Acetonitrile was then evaporated, water (10 mL) was added, the white solid was filtered 
and dried in a dessicator. AB62.B was recrystallised from hot ethanol. 
AB62.B: 5.69 g (0.023 mol, 77%), mp: 258-259°C 
CloHsNzOzSz (252) 
AB62.B IH_NMR: (250MHz, DMSO): /) = 7.21 (2H, dd, J=4.18, 4.38 , H-4, 4"), 7.86 
(2H, dd, J=3.70,5.08, H-3, 3"), 7.87 (2H, dd, J=3.7, 5.08, H-5, 5"), 10.6 (2H, s, N-H) 
13C_NMR: (100 MHz, DMSO): /) = 128.5 (C-4, 4"), 129.4 (C-3, 3"), 132.1 (C-5, 5"), 137 
(C-2', 5'), 167 (C=O) 
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AB63.1 (19a) The Preparation of 2,5- Dithien- 2-yl-l. 3.4- thiadiazole 
O-ll-W 
s s s 
AB62.B (1.26 g, 5 mmol), phosphorus pentasulfide (4.45 g, 10 mmol) and NaHC03 (3.36 
g, 40 mmol) were suspended in acetonitrile (30 mL). The mixture was stirred at r.t. 18 h. 
Acetonitrile was evaporated. The yellow mixture was separated with DCM (20 mL x 3) 
the organic layer was dried over MgS04, filtered and evaporated. A pale yellow solid 
remained. 
Mass: 1.01 g, 80% 
IH_NMR: (250MHz, CDCh): 0 = 7.27 (2H, dd, J=3.2, 2.8, H-4,4"), 7.81 (2H, dd, J=3.2, 
2.8, H-5, 5" or H-3, 3"), 7.88 (2H, dd, J=3.2, 2.8, H-3, 3" or H-5, 5") 
13C_NMR: (100 MHz, CDCh): 0 = 128.7 (C-5, 5"), 130.7 (C-3, 3"), 130.9 (C-4, 4"), 
131.1 (C-2, 2"),160.9 (C-2', 5'). 
AB64 (18d) The Preparation of N. N'-Di -(5- Bromothlen- 2- oyl) Hydrazine 
H H 
\ I n "N-N\ n 
Br~S~ ~S;>--Br 
o 0 
Follow AB62.A Except use 5 - bromothiophene - 2- carboxylic acid (2.1 g, 0.01 mol) 
thionyl chloride (20 mL under dry conditions. 
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Colourless solution formed. 
Follow AB62.B Except use hydrazine (0.30 g, 0.005 mol) triethylamine (1.01 g, 0.01 
mol). A white solid formed. 
Mass:2.62 g , m.p: 244.9-246.0 GC 
IH_NMR: (250MHz, CDCh): /) = 7.38 (2H, d, J= 2.5, H-3-n, 7.70 (2H, d, J = 2.5, H-
4,4"), 10:70 (2H, s, N-H). 
13C-NMR: (lOO MHz, CDCh): /) = 117.9 (C - 5, 5'') , 129.9 (C-4, 4'') , 131.8 (C - 3, n 
, 138.7 ( C-2, 2''), 159.8 (C-2, 5"). 
AB65 119dl The Attempted Preparation of 2,5- Di-(5-Bromothien-2-yJ)- 1,3,4-
thiadiazole 
AB64.B (2.1 g, 5mmol), phosphorus pentasulfide (4.45 g, 10 mmol) and NaHC03 (3.36 
g, 40 mmol) was suspended in acetonitrile (30 mL. The pale yellow mixture was stirred at 
r.t. 18 h. Acetonitrile was evaporated 
under vacuum. The yellow mixture was separated with DCM (20 mL x 3), the organic 
layer was dried over MgS04, filtered and evaporated. A white solid remained. This 
reaction was unsuccessful, no identifiable product remained. 
m.p: 256.0-257.1 GC 
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AB66 (lSc) The Preparation ofN. N'-Di-(5- Chlorothien-2-oyll hydrazine 
H H 
\ / n /N-N\ n 
CI-"S~ ~S;>---CI 
o 0 
5-Chloro thiophene-2-carboxylic acid (1.63 g, 10 mmol) was added to thionyl chloride 
(20 mL) under dry conditions. The reaction was heated to reflux for 2 h. The mixture was 
evaporated to dryness, to remove thionyl chloride, which gave a yellow oil (AB66.A). 
AB66.A was then dissolved in dry acetonitrile (10 mL). Hydrazine (0.29 g, 5 mmol) and 
triethylamine (1.01 g, 10 mmol) was dissolved in dry acetonitrile (5 mL). This solution 
was then added dropwise to the acid chloride solution, the reaction was carried out in an 
ice bath. The reaction mixture was stirred at r. t. for 2 h. 
Acetonitrile was then evaporated, water (10 mL) was added, the white solid was filtered 
and dried in a dessicator. AB66.B was recrystallised from hot ethanol, a white solid was 
recovered. 
Mass:2.01 g, 63% m.p: 257.1-258.1 QC 
lH_NMR: (250MHz, CDCb): Ii = 7.27 (2H, d, J=2.5, H-3, 3"),7.75 (2H, d, J=2.5, H-4, 
4"), 10.71 (2H, s, 2 x NH) 
13C_NMR: (100 MHz, CDCb): Ii = 128.4 (C-3, 3") , 129.2 (C-4, 4"), 134.1 (C-2, 2") , 
136.1 (C-5, 5"),159.8 (C-2', 5') 
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AB67 (l9c) The Preparation of 2,5- Di-(5-Chlorothien-2-yl)- 1,3,4-thiadiazole 
n ~-~ n CI~Sy----«S~S/-CI 
AB66.B (1.6 g, 5 mmol), phosphorus pentasulfide (4.45 g, 10 mmol) and NaHC03 (3.36 
g, 40 mmol) was suspended in acetonitrile (30 mL). The white mixture was stirred at r.t. 
for 18 h. Acetonitrile was evaporated under vacuum. The white mixture was separated 
with dichloromethane (3 x 20 mL). The organic layer was dried over MgS04, filtered and 
evaporated. A white solid remained. The spectroscopic data was the same as that for a 
sample prepared previously. 
Mass: 1.55 g, 97% 
m.p: 272.0 -273.1 0 C 
AB68 (10) The Attempted Preparation of Methyl 5- (Mercaptomethyl) thiophene-2-
carboxylate 
Meo~ 
o SH 
The thiouronium bromide AB46.2 (0.68 g, 2 mmol) was heated under reflux for 2 h in 
water (5 mL), methanol (5 mL) and conc. HCI (2 mL). The pale brown mixture was then 
evaporated to half volume. The remaining solution was cooled and a brown solid formed. 
The solid was filtered. From the IR. and the lH NMR spectra it was confirmed that this 
was starting material. 
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Mass: 0.2 g, m.p: 197.2-198.5 °C 
AB71 (I9d) The Preparation of 2,5 - ni-CS- Bromothien-2-yl)- 1,3,4- thiadiazole 
n ~-~ n Br~S~s»--l.!....S»-Br 
AB70.B (1.05 g, 2.5 mmol), phosphorus pentasulfide (2.23 g, 5 mmol) and NaHC03 
(1.68 g, 20 mmol) was suspended in acetonitrile (30 mL). The pale yellow mixture was 
stirred at r.t. for 18 h. Acetonitrile was evaporated. The white mixture was separated with 
dichloromethane (20 mLX3). The organic layer was dried over MgS04, filtered and 
evaporated. An off white solid remained. The spectroscopic data was the same as that 
obtained previously. 
Mass: 0.92 g, 90%, m.p: 220.1- 220.3 °C 
AB75 (ISb) The Preparation ofN'N'- ni -CS-Methyl Thien-2-oyl) hydrazine 
S-Methyl-2-thiophene carboxylic acid (4.26 g, 30 mmol) was added to thionyl chloride 
(30 mL) under dry conditions. The pale yellow / cream mixture was heated to reflux for 
2h. 
The mixture was then evaporated to dryness to remove thionyl chloride, which gave a 
pale yellow oil (AB7S.A).The IR of this material was checked. 
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AB 75.A was dissolved in acetonitrile (15 mL). Hydrazine (0.87 g, 15 mmol) and triethyl 
amine (3.03 g, 30 mmol) was dissolved in dry acetonitrile (5 mL). This solution was then 
added dropwise to the acid chloride solution. This reaction was carried out in an ice bath. 
The reaction was then I eft stirring at r. t. for 2 h. 
Acetonitrile was evaporated, water (10 mL) was added to the pale off white solid, which 
was then filtered and dried in a dessicator. 
Mass: 6.6 g, 80%, m.p: 292.1 -293.1 °C 
IH_NMR: (250MHz, CDCh): 1) = 2.52 (6H, s, 2 x CH3), 6.91 (2H, d, J=2.5, H-4,4'') , 
7.67 (2H, d, J=3.5, H-3, n, 10.38 (2H, s, N-H) 
13 .. .. C-NMR: (100 MHz, CDCh): 1) = 15.2 (CH3), 127.1 (C-4,4 ), 133.0 (C-3, 3 ), 134.6 
(C-2,2\ 147.2 (C-5-5'), 163.7 (C-l', 5') 
MH+ 281.0416 C.;i13N202S2requires 281.0419 
AB76 09b) The Preparation of 2,5- Di-(5-Methylthien-2-yl)- 1,3,4- thiadiazole 
AB 75.B (0.7 g, 2.5 mmol), phosphorus pantasulfide (2.23 g, 5 mmol) and NaHC03 (1.68 
g, 20 mmol) was suspended in acetonitrile (30 mL). the pale yellow mixture was heated 
to reflux for 18 h. 
Acetonitrile was evaporated, the mixture was treated with water and separated with 
dichchloromethane (20 mL x 3). The organic layer was dried over MgS04, filtered and 
evaporated, a white solid remained. 
Mass: 0.65 g, 94%, m.p: 219-220 °C 
IH_NMR: (250MHz, CDCh): 1) = 2.51 (6H, s, CH3), 6.96 (2H, d, J=3.6, H-4, H-4"), 
7.58 (2H, d, J=3.6, H-3, H-3") 
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13C_NMR: (100 MHz, CDCh): /) = 15.11 (C-6, 6"), 127.2 (C-3, 3"), 128 (C-2, 2"), 
130.9 (C-4, 4"), 144.6 (C-5, 5"), 160.5 (C-2', 5') 
MH+ 279.0082 ClzHl3N2S3 requires 279.0084 
AB77 (2b) The Attempted Preparation of 1,4 Di-(S-Methylthien-2-yl) butane-IA-
dione 
5-Methyl-2-thiophene carboxaldehyde (1.26 g, 10 mmol) in absolute ethanol (30 mL) 
was charge with 3-benzyl-5-(2-hydroxyl ethyl)-4-methyl-l,3-thioazolium chloride (0.41 
g, 1.52 mmol) and anhydrous NaOAc (0.21 g, 2.57 mmol). 
The mixture was heated to a gentle reflux and divinyl sulfone (0.58 g, 4.9 mmol) was 
added dropwise. 
The yellow solution was refluxed for an additional 18 h. A light tan precipitate was 
filtered from the dark yellow solution and washed with cold water, ethanol and ether. 
This reaction did not go to completion and was unsuccessful. 
AB79 (2b) The Preparation ofl,4 Di-(S-Methylthien-2-yJ) butan-I,4-dione 
5-Methyl-2-thiopene carboxaldehyde (6.3 g, 50 mmol) in absolute ethanol (60 mL) was 
changed with 3-benzyl-5-(2-hydroxylethyl)-4-methyl-l, 3-thioazolium chloride (2.05 g, 
7.6 mmol) and anhydrous NaOH (1.05 g, 12.85 mmol) 
The mixture was heated to a gentle reflux and divinyl sulfone (2.9 g, 24.5 mmol) was 
added dropwise. 
The yellow solution was refluxed for an additional 18 h. A light tan precipitate was 
filtered from the dark yellow solution and washed with cold water, ethanol and ether. 
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Mass:1.95 g, 92%, m.p: 170.0- 172.1 °C 
IH_NMR: (250MHz, CDCh): 0 = 2.60 (6H, s, CH3-CH3), 3.32 (4H, s, CH2-CH2), 6.82 
(2H, d, J=2.00, H-3, 3"),7.64 (2H,d, J=2.00, H-4, 4") 
I3C_NMR: (100 MHz, CDCh): 0 = 16.5 (C-6, 6"), 33.3 (C-3', 4'), 127.2 (C-4, 4"), 
133.2 (C-3, 3"), 142.0 (C-2, 2"),150.2 (C-5, 5"), 191.6 (C-2', 5') 
M+ 278.0430 CI,Ji1402S2requires 278.0435 
AB80 (19a) The Preparation of 2,5- Dithien- 2-yl-1,3,4-thiadiazole 
AB62.B (dry) (0.32 g, 1.25 mmol), phosphorus pentasulphide (1.12 g, 2.5 mmol) and 
NaIlC03 (0.84 g, 10 mmol) were suspended in acetonitrile (15 mL). The mixture was 
stirred at r.t. for 18 h. Acetonitrile was evaporated. The yellow mixture was washed with 
water, and the solid was filtered. A cream! off-white solid remained. Spectroscopic data 
is the same as obtained from previous reaction (AB63.1). 
Mass:0.31 g, 99"/0, m.p: 190.8-191.1 °C 
M+ 249.9692 C IOIi6NzS3 requires 249.9693. 
AB82 (19d) The Preparation of2,5 -ni-(S- Bromothien-2-yJ)- 1,3,4- thiadiazole 
AB70.B (0.26 g, 0.63 mmol), phosphorus pentasulfide (0.56 g, 1.25 mmol) and NaIlC03 
(0.42 g, 5 mmol) were suspended in acetonitrile (10 mL). The pale yellow mixture was 
heated to reflux for 18 h. Acetonitrile was evaporated, the solid was filtered and washed 
with water, a yellow solid remained. 
Mass: 0.18 g, 70%, m.p: 239.1- 239.4 °C 
IH_NMR: (250MHz, CDCh): 0 = 7.40 (2H, d, J=2.5, H-3, 3"), 7.60 (2H, d, J=2.5, H-4, 
4") 
13C_NMR: (100 MHz, CDCh): CS = 116.7 (C-5, 5"), 131 (C-4,4"), 132.1 (C-3, 3") 
132.5 (C-2, 2"), 160.3 (C-2', 5'). 
W 407.7885 C1ol4BrzNzS2 requires 407.7883. 
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AB83 (l9c) The Preparation of 2,5-Di-(5-Chlorothien-2-yl)-1,3,4-thiadiazole 
AB66.B (0.8 g, 2.S mmol), phosphorus pentasulfide (2.23 g, S mmol) and NaHC03 (1.68 
g, 20 mmol) was suspended in acetonitrile (30 mL). The pale yellow mixture was heated 
to reflux for 18 h. Acetonitrile was evaporated, the solid was filtered and washed with 
water, an off white solid remained. 
Mass: 0.6 g, 7S%, m.p: 239.1- 240.2 °c 
IH_NMR: (2S0MHz, CDCh): Ii = 7.28 (2H, d, J=2.S, H-3, 3"), 7.75 (2H, d, J=2.5, H-4, 
4"), 10.70 (2H, s, 2 x NH) 
13C_NMR: (100 MHz, CDCh): Ii = 117.9 (C-S, 5"), 137 (C-4, 4"), 133.4 (C-3, 3") 
132.7 (C-2, 2"),160.9 (C-2', 5'). 
AB84 (3b) The Preparation of 5,5"-DimethyI-2,2' : 5',2" - terthiophene 
AB79.1 (0.56 g, 2 mmol), phosphorus pentasulfide (1.35 g, 3 mmol) and NaHC03 (0.84 
g, 10 mmol) was suspended in acetonitrile (20 mL). the mixture was stirred for 18 hat 
r.t. 
Acetonitrile was evaporated. The yellow mixture was separated with dichloromethane 
(20 mL x 3), the organic layer was dried over MgS04 filtered and evaporated. A yellow 
solid remained. 
Mass: 0.52g, 94%, m.p: 136.9-137.1 °C. 
IH-NMR: (2S0MHz, CDCh): Ii = 2.S3 (6H, s, CH3) , 6.68 (2H, s, H-3', H-4') 6.96- 6.98 
(4H, m, H-4, H-4" and H-3, H-3") 
13C_NMR: (100 MHz, CDCh): Ii = IS.4 (C-6, 6"), 123.4 (C-3",4) , 123.5 (C-4",3) , 
125.9 (C-4', 3'), 134.9 (C-5, 2"), 136.1 (C-S, 2'),139.2 (C-2, S") 
M+ 276.0103 C1ilil2S3 requires 276.0101 
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AB8S (10) The Attempted Preparation of Methyl S- Mercaptomethyl thiophene-2-
carboxylate 
AB46.2 (0.34 g, I mmol) was dissolved in water (2.0 mL) and acetic acid (1.0 mL), the 
mixture was cooled to O°C in the ice bath. Sodium nitrite (0.3 g, 5 mmol) was dissolved 
in minimum amount of water, this solution was added dropwise. The reaction was left 
stirring for 2 h at r.t. 
Water (5 mL) was added, the pH of the mixture was adjusted to 7-8 with a few drops of 
NaOH (2 mL). The mixture was extracted with dichloromethane (3x 10 mL), dried over 
MgS04 and evaporated to dryness. This gave an orange oil which could not be identified. 
AB86 (21) The Preparation of Ethyl (S-Methyl thien-2-yl methyl) thioacetate 
AB73 (0.64 g, 0.005 mol) and tosyl chloride (0.95 g, 0.005 mol) and triethylamine (1.05 
g, 0.Q1 mol) were mixed in dry dichloromethane (10 mL). DMAP catalyst was also 
added. The reaction mixture was left at O°C for Ih. To the pale yellow solution ethyl 
mercapto acetate (0.55 mL, 0.005 mol) was added. The orange mixture was then left 
stirring at r. t. for 2 h. 
Dichloromethane (20 mL) was added, the mixture was washed with water (3 x 5 mL). 
The organic layer was dried over MgS04, filtered and evaporated. This gave a yellow 
oil. This product was unidentifiable. The 'H NMR spectrum of the oil showed signals 
consistent with the product but some impurities were present. The mass spectrum 
confirmed the product was present in the oil. 
M+ 230.0434 CIOH'40ZSZ requires 230.0435. 
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Table 1. Crystal data and structure refinement for kr7. 
Identification code 
Chemical formula 
Formula weight 
Temperature 
Radiation, wavelength 
Crystal system, space group 
Unit cell parameters 
Cell volume 
Z 
Calculated density 
Absorption coefficient II 
F(OOO) 
Crystal colour and size 
Reflections for cell refinement 
Data collection method 
a range for data collection 
Index ranges 
Completeness to 8 = 22.50° 
Intensity decay 
Reflections collected 
Independent reflections 
Reflections with F2>2cr 
Absorption correction 
Min. and max. transmission 
Structure solution 
Refinement method 
Weighting parameters a, b 
Data 1 restraints 1 parameters 
Final R indices [F2>2cr] 
R indices (all data) 
Goodness-of-fit on F2 
Absolute structure parameter 
Largest and mean shiftlsu 
Largest diff. peak and hole 
kr7 
C"H,Br2N20 •. 5.S,.5. 
447.22 
120(2) K 
MoKa, 0.71073 A' 
orthorhombic, P2,2,2, 
a = 5.8425(9) A 
b = 11.009(2) A 
c = 45.171(9) A 
2905.4(9) A' 
8 
2.045 glcm' 
6.071 mm-' 
1736 
a=90° 
J3 = 90° 
'Y = 90° 
yellow, 0.24 x 0.03 x 0.02 mm' 
11442 (8 range 2.91 to 27.48°) 
Bruker-Nonius KappaCCD 
(!J & ID scans 
3.28 to 22.50° 
h -6 to 5, k -11 to 10, I :"'48 to 48 
90.0% 
0% 
9092 
3041 (R;n. = 0.1538) 
1990 
semi-empirical from equivalents 
0.324 and 0.888 
direct methods 
Full-matrix least-squares on F2 
0.1020,19.7064 
3041/284/346 
RI = 0.0821, wR2 = 0.1841 
RI = 0.1347, wR2 = 0.2119 
1.043 
0.04(4) 
0.001 and 0.000 
1.271 and -0.949 e A-' 
Table 2. Atomic coordinates and equivalent isotropic displacement parameters (A') 
for kr7. U,q is defined as one third of the trace of the orthogonalized U" tensor. 
x y z . U,q 
8(1) -0.2059( I 0) 0.2871(6) 0.93775(12) 0.0235(16) 
C(I) -0.336(4) 0.382(2) 0.9609(4) 0.025(3) 
Br(l) -0.5899(4) 0.3271(3) . 0.98393(5) 0.0352(8) 
C(2) -0.249(4) 0.497(3) 0.9620(5) 0.028(3) 
C(3) -0.063(4) 0.504(2) 0.9421(4) 0.028(3) 
C(4) -0.016(4) 0.401(2) 0.9271(4) 0.025(3) 
C(5) 0.169(4) 0.373(2) 0.9062(5) 0.025(3) 
N(I) 0.187(3) 0.263(2) 0.8964(3) 0.024(3) 
N(2) . 0.373(3) 0.254(2) 0.8775(3) 0.023(3) 
C(6) 0.485(4) 0.357(2) 0.8746(4) 0.021(3) 
.t" 
8(2) 0.3666(10) 0.4763(6) 0.89435( 12) 0.0233(15) 
C(7) 0.687(4) 0.368(2) 0.8549(4) 0.021(3) 
C(8) 0.827(4) 0.460(2) 0.8512(4) 0.023(3) 
C(9) 1.006(4) 0.438(2) 0.8315(4) 0.026(3) 
C(IO) 0.996(4) 0.324(2) 0.8214(4) 0.025(4) 
Br(2) 1.1857(4) 0.2553(3) 0.79188(5) 0.0285(7) 
8(3) 0.7683(10) 0.2427(7) 0.83467( 11) 0.0239(14) 
S(4) -0.4052( I 0) 0.2872(6) 0.56240(12) 0.0265(16) 
C(II) -0.541( 4) 0.381(2) 0.5392(4) 0.025(3) 
Br(3) -0.7901(4) 0.3278(3) 0.51608(5) 0.0342(8) 
C(12) -0.458(4) . 0.496(3) 0.5393(5) 0.028(3) 
C(13) -0.274(4) 0.506(3) 0.5589(4) 0.028(3) 
C(14) -0.227(4) 0.401(2) 0.5729(4) 0.025(3) 
C(15) -0.035(4) 0.373(2) 0.5937(4) 0.026(3) 
N(3) -0.008(3) 0.261(2) 0.6039(3) 0.026(3) 
N(4) 0.171(3) 0.252(2) 0.6225(3) 0.020(3) 
C(16) 0.283(4) 0.351(2) 0.6257(4) 0.018(3) 
S(5) 0.1614(11) 0.4748(6) 0.60698(12) 0.0250(14) 
C(17) 0.473(4) 0.367(2) 0.6449(4) 0.019(2) 
C(18) 0.611(3) 0.466(2) 0.6499(4) 0.0193(19) 
C(19) 0.798(4) 0.440(2) 0.6695(4) 0.0193(19) 
C(20) 0.805(4) 0.317(2) 0.6796(4) 0.019(2) 
Br(4) 1.0170(4) 0.2487(3) 0.70316(4) 0.0277(7) 
8(6) 0.5783(10) 0.2392(7) 0.66384(11) 0.0255(14) 
8(7) 0.5230(11) 0.0575(7) 0.73466(12) 0.0275(17) 
C(23) 0.691(4) 0.029(2) 0.7673(5) 0.039(7) 
0(1) 0.414(3) 0.1778(16) 0.7398(3) 0.034(4) 
C(22) 0.306(4) -0.052(2) 0.7419(5) 0.028(5) 
.,. 
Table 3. Bond lengths [A] and angles [0] for kr7. 
S(I}-C(I) 1.66(2) S(I}-C(4) I.7S(3) 
C(1}-C(2) 1.37(3) C(I)-Br(l) 1.91(2) 
C(2}-C(3) 1.41(3) C(3}-C(4) I.3S(3) 
C(4}-C(S) 1.47(3) C(S)-N(I) 1.30(3) 
C(S)-S(2) 1.70(3) N(I)-N(2) U9(2) 
N(2}-C(6) U I (3) C(6}-C(7) 1.48(3) 
C(6)-S(2) 1.74(2) C(7}-C(8) 1.32(3) 
C(7)-S(3) 1.72(2) C(8}-C(9) 1.40(3) 
C(9}-C(10) 1.33(3) C(IO)-S(3) 1.71(2) 
C(lO)-Br(2) I.S9(2) S(4}-C(lI) 1.67(2) 
S(4}-C(l4) 1.70(3) C(11}-C(12) U6(3) 
C(II)-Br(3) I.S9(2) C(12}-C(13) 1.40(3) 
C(13}-C(14) I.3S(3) . C(14}-C(15) I.S0(3) 
.J" C(IS)-N(3) U3(3) C(IS)-S(S) 1.72(2) 
N(3)-N(4) I.3S(2) N(4}-C(16) I.2S(3) 
C( 16}-C( 17) 1.42(3) C(16)-S(S) 1.76(2) 
C(17}-C(lS) US(3) C(17)-S(6) 1.76(2) 
C( IS}-C( 19) 1.43(3) C( 19}-C(20) 1.42(3) 
C(20)-S(6) 1.73(2) C(20)-Br( 4) I.S0(2) 
S(7}-O(I) 1.4SS(l7) S(7}-C(22) 1.78(3) 
S(7}-C(23) I.S0(2) 
C( I )-S( I}-C( 4) 90.6(13) C(2}-C( I )-S( I ) I1S.9(19) 
C(2}-C(I)-Br(l) 124.3( IS) S(l}-C(1 )-Br( I) 119.S(IS) 
C(1}-C(2}-C(3) 108(2) C( 4}-C(3}-C(2) 116(2) 
C(3}-C( 4}-C( S) 130(2) C(3}-C( 4 )-S( I) 109.7(18) 
C(S}-C(4)-S(1) 119.6(19) N(I}-C(S}-C(4) 118(2) 
N(I}-C(S)-S(2) 117.4(18) C( 4}-C(S)-S(2) 124(2) 
C(S)-N(I)-N(2) 110(2) C(6)-N(2)-N(I) 113(2) 
N(2}-C(6}-C(7) 122(2) N(2}-C(6)-S(2) 113.7(17) 
C(7}-C( 6)-S(2) 124.3(19) C(S)-S(2}-C(6) 8S.S(12) 
C(S}-C(7}-C(6) 129(2) C(S}-C(7)-S(3) 112.5(IS) 
C(6}-C(7)-S(3) . 118.2(19) C(7}-C(S}-C(9) 114(2) 
C(10}-C(9}-C(S) 111(2) C(9}-C( IO)-S(3) 113.9(19) 
C(9}-C(IO)-Br(2) 126.3(19) S(3}-C(lO)-Br(2) 119.4(14) 
C(IO)-S(3}-C(7) 88.9(12) C(II)-S(4}-C(l4) 90.S(12) 
C(12}-C(11)-S(4) 114.0(19) C(12}-C(ll)-Br(3) 124.6(IS) 
S( 4}-C(11 )-Br(3) 121.4(IS) C(11}-C(12}-C(13) III (2) 
C(14}-C(13}-C(12) 113(2) C(13}-C(14}-C(IS) 129(2) 
C(13}-C(14)-S(4) 112.2(IS) C(IS}-C(14)-S( 4) I1S.6(19) 
N(3}-C(IS}-C(l4) 120(2) N(3}-C(lS)-S(S) 114.2(IS) 
C(14}-C(lS)-S(S) 126(2) C(IS)-N(3)-N(4) 112(2) 
C(16)-N(4)-N(3) 114(2) N ( 4}-C( 16}-C( 17) 125(2) 
N(4}-C(16)-S(S) 113.7(17) C( 17}-C(l6)-S( 5) 120.9(19) 
C(IS)-S(S}-C(l6) S5.9(12) C( IS}-C( 17}-C(l6) 131(2) 
C( IS}-C(17)-S(6) 110.4(17) C( 16}-C( 17)-S( 6) IIS.I(19) 
C(17}-C(IS}-C(19) 113(2) C(20}-C(19}-C(18) 114(2) 
C(19}-C(20)-S(6) 108.4(17) C(19}-C(20)-Br( 4) 127.4(18) 
S( 6)-C(20)-Br( 4) 124.1(14) C(20)-S(6)-C( 17) 94.0( 12) 
O(l)-S(7}-C(22) IOS.6(11) O( 1 )-S(7)-C(23) 10S.I(II) 
C(22)-S(7)-C(23 ) 9 .. 0(11) 
Table 4. Anisotropic displacement parameters (A 2) for kr7. The anisotropic 
displacement factor exponent takes the form: _21t2[h2a*2U" + ... + 2hka*b*U12] 
U" U22 U" U23 U B U 12 
S(I) 0.026(3) 0.016(4) 0.028(3) -0.001(3) 0.002(2) -0.001(3) 
C(I) 0.033(7) 0.018(6) 0.025(6) 0.001(5) 0.002(4) 0.001(5) 
Br(I) 0.0390(17) 0.0297(19) 0.0369(13) 0.0016(15) 0.0131(12) 0.0024(15) 
C(2) 0.034(7) 0.019(6) 0.030(7) -0.004(6) 0.002(5) 0.001(5) 
C(3) 0.035(7) 0.016(6) 0.031(8) -0.004(6) 0.004(5) -0.002(5) 
C(4) 0.030(7) 0.017(6) 0.028(7) -0.005(6) 0.002(5) -0.005(5) 
C(S) 0.029(7) 0.018(6) 0.027(7) -0.007(6) 0.001(4) . -0.008(6) 
N(I) 0.030(7) 0.017(6) 0.025(6) -0.006(6) 0.000(5) -0.005(6) 
N(2) 0.034(7) 0.018(5) 0.018(6) -0.002(6) 0.000(5) -0.004(6) 
"Y. C(6) 0.033(7) 0.019(6) 0.010(6) -0.002(6) -0.003(4) -0.005(5) 
S(2) 0.026(3) 0.015(4) 0.028(3) -0.001(3) 0.000(2) -0.003(3) 
C(7) 0.031(7) 0.024(6) 0.007(6) -0.007(6) 
-0.006(5) -0.009(5) 
C(8) 0.028(7) 0.026(6) 0.014(7) -0.008(6) -0.007(5) -0.010(6) 
C(9) 0.026(7) 0.028(7) 0.024(7) -0.009(6) -0.004(5) -0.009(6) 
C(IO) 0.025(8) 0.030(8) 0.021(8) -0.011(7) -0.004(5) -0.010(7) 
Br(2) 0.0264(14) 0.0248(18) 0.0343(11) -0.0016(16) 0.0026(10) 0.0021(17) 
S(3) 0.027(3) 0.016(4) 0.029(3) 0.001(3) 0.001(2) 0.002(3) 
S(4) 0.035(3) 0.019(4) 0.025(3) 0.002(3) -0.002(2) -0.001(3) 
C(1I) . 0.033(7) 0.019(6) 0.022(6) -0.001(5) 0.002(4) 0.004(5) 
Br(3) 0.0410(17) 0.9274(19) 0.0341(12) -0.0006( 14) -0.0093(12) 0.0032(15) 
C(12) 0.036(7) 0.016(6) 0.031(7) -0.002(6) 0.000(5) 0.007(5) 
C(13) 0.037(7) 0.017(6) 0.030(7) 0.001(6) 0.000(5) 0.002(5) 
C(14) 0.036(6) 0.018(6) 0.021(6) 0.001(5) 0.002(4) -0.001(5) 
C(15) 0.032(7) 0.024(6) 0.021(7) 0.004(6) 0.003(4) -0.003(5) 
N(3) 0.031(6) 0.024(5) 0.024(6) 0.006(6) -0.001(4) -0.007(5) 
N(4) 0.028(7) 0.015(5) 0.017(6) -0.001(6) 0.005(4) -0.003(5) 
C(16) 0.025(7) 0.011(5) 0.019(6) -0.006(6) 0.006(4) 0.002(5) 
S(5) 0.031(3) 0.018(4) 0.026(3) 0.004(3) 0.003(2) 0.000(3) 
C(17) 0.018(S) 0.011(4) 0.028(S) -0.010(4) . 0.006(3) 0.007(4) 
. C{IS) 0.0IS(5) 0.011(4) 0.02S(S) -0.010(4) 0.006(3) 0.007(4) 
C(19) O.OIS{S) 0.011(4) 0.02S(S) -0.010(4) 0.006(3) 0.007(4) 
C(20) O.OIS{S) 0.011(4) 0.02S{S) -0.010(4) 0.006(3) 0.007(4) 
Br(4) 0.0268(14) 0.02S2(IS) 0.0311{1I) -0.0003{IS) -O.OOSO{IO) -0.00 IO( 16) 
S(6) 0.032(3) 0.019(4) 0.025(3) 0.004(3) -0.003(2) -0.006(3) 
S(7) 0.029(4) 0.026(4) 0.027(3) 0.004(3) 0.000(3) 0.003(4) 
C(23) 0.028(14) 0.029(18) 0.059(12) 0.010(15) -0.023(11) -0.006(12) 
0(1) 0.035(9) 0.028(7) 0.039(8) 0.009(8) 0.000(7) 0.010(7) 
C(22) 0.016(11) 0.033(11) 0.035(12) -0.011(13) 
-0.003(10) 0.001(9) 
Table 5. Hydrogen coordinates and isotropic displacement parameters (A') for kr7. 
x y z U 
H(2) -0.3042 0.5615 0.9741 0.033 
H(3) 0.0231 0.5766 0.9394 0.033 
H(8) 0,8080 . 0.5358 0.8612 0.027 
H(9) 1.1187 0.4957 0.8259 0.031 
H(l2) -0.5\67 0.5607 0.5276 0.034 
H(13) -0.1914 0.5794 0.5620 0.034 
H(18) 0.5859 0.5440 0.6413 0.023 
H(19) 0.9076 0.4989 0.6752 0.023 
H(23A) 0.7826 0.1013 0.7719 0.058 
H(23B) 0.7934 -0.0399 0.7637 0.058 
H(23C) 0.5896 0.0107 0.7839 0.058 .J' 
H(22A) 0.2606 -0.0474 0.7628 0.042 
H(22B) 0.3641 -0.1335 0.7376 ·0.042 
H(22C) 0.1723 -0.0353 0.7294 0.042 
.,. 
Table 6. Torsion angles [0] for kr7. 
C(4}-S(1~(1~(2) 0(2) C( 4}-S(I~(1}-Br(1) 179.8(14) 
S(I~(I~(2~(3) 0(3) Br( 1}-C( 1 ~(2~(3) 180.0(16) 
C(1~(2~(3~(4) 0(3) C(2~(3~(4~(5) -176(2) 
C(2~(3~(4}-S(1) -1(3) C(I}-S(I~(4~(3) 0.6(18) 
C(1}-S(l~(4~(5) 176.6(18) C(3~( 4~(5}-N(1) 175(2) 
S(1~(4~(5}-N(1) 0(3) C(3~(4~(5}-S(2) -4(4) 
S(I~(4~(5}-S(2) -179.3(13) C(4~(5}-N(l}-N(2) -178.9(17) 
S(2~(5}-N(I}-N(2) 0(2) C(5}-N(I}-N(2~(6) 1(3) 
N(1}-N(2~(6~(7) -178.7(17) N(I}-N(2~(6}-S(2) -2(2) 
N(1~(5}-S(2~(6) -0.8(19) C(4~(5}-S(2}-C(6) 178(2) 
N(2~(6}-S(2~(5) 1.3(17) C(7~(6}-S(2~(5) . 178.4(19) 
N(2~(6~(7~(8) -175(2) S(2~(6~(7~(8) 9(3) 
N(2~(6~(7}-S(3) 2(3) S(2~(6~(7}-S(3) -174.8(12) 'Y. 
C(6~(7~(8~(9) 178(2) S(3~(7~(8~(9) 1 (3) 
C(7~(8~(9~(10) -2(3) C(8~(9~(1O}-S(3) 2(3) 
C(8~(9~( 10}-Br(2) 174.6(16) C(9~(10}-S(3~(7) -0.9(19) 
Br(2}-C(10}-S(3~(7) 
-174.3(14) C(8~(7}-S(3~(10) -0.2(18) 
C(6~(7}-S(3}-C( 1 0) -177.4(17) C(14}-S(4~(II~(12) -1(2) 
C(14}-S(4~(11}-Br(3) 
-1793(14) S(4~(II~(12~(13) 1(3) 
Br(3~(II~(12~(13) 179.5(16) C(11~(12~(13~(14) -1(3) 
C(12}-C(13~(14~(15) 175(2) C(12~( l3}-C( 14}-S( 4) 0(3) 
C(II}-S(4~(14~(13) 0.2( 19) C(II}-S(4~(14~(15) -175.1(17) 
C(13~( 14}-C( 15}-N(3) -176(2) S( 4~( 14~( 15}-N(3) -1(3) 
C(l3~(14~(15}-S(5) 6(3) S(4~(14~(15}-S(5) -179.7(13) 
C(14~(15}-N(3}-N( 4) 
-179.5(17) S(5~(15}-N(3}-N( 4) 
-1(2) 
C(15}-N(3}-N( 4~(16) 
-2(3) N(3}-N(4~(16~(17) 1773(18) 
N(3}-N(4~(16}-S(5) 4(2) N(3~(15}-S(5~(16) 2.4(18) 
C(14 ~(15}-S( 5~(16) 
-179(2) N(4~(16}-S(5~(I5) -3.4(17) 
C(17~(16}-S(5~(15) -1773(18) N(4~(16~(17~(18) 178(2) 
S(5~(16}-C(17~(18) 
-9(3) N(4~(16~(17}-S(6) 5(3) 
S(5~(16~(17}-S(6) 177.8(11) C(16~(17~(18~(19) -175(2) 
S(6~(17~(18~(19) -1(2) C(17~(18~(19~(20) 0(3) 
C( 18}-c(19~(20}-S(6) 1(2) C( 18~(19~(20}-Br( 4) 177.5(14) 
C(19~(20}-S(6~(I7) 
-1.3(16) Br( 4~(20}-S(6~(17) -178.2(14) 
C(18~(17}-S( 6~(20) \.6(16) C(16~(17}-S(6}-C(20) 176.1(17) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
